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ABSTRACT

Chinese cabbages ate aleafy, head-forming Asian vegeable grown for both

domestic and export marlçets. Limited information about the postharvest

phlsiology of Chinese cabbage and incorect postharvest practices often lead

to poor quâlity heads. This snrdy investþated the effects of va¡ious pre- and

post-har¡est facton on the postharvest life and sought to increase the

knou,ledge of the postharvest physiologyof Chinese cabbage'

Chinese cabbages cv. Yuki' was used for all experimena in the study' In

t999 the cabbages were grown in &ens, Victoria, and trarrsported to

Adelaide in refrþrated road tfansPon af¡er harvest and ovemþht cooling' In

2OOO and 2OO1 the cabbages were grown in Viryinia, South Australia, and

were transported to coolrooms at the 'rùØaite camPus of the Univenfuy of

Adelaide vviúin three hours of harvesting.

Various postharvest evaluations were used to assess the Chinese cabbage

heads after harvest and during storâge. They included weþht loss, trimming

loss, respiration rate, ethylene production, and qualiryscole. Enerrysubstrate

levels and chlorophfl fluorescence were also measured in selecæd

exPerunents.
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Flanresting at five different times during th. d"y and imposing a half-hour

delay before cooling did not aÍf.ectthe postharvest behaviour of the Chinese

cabbages. This was despite eïposufe of the heads to rempenltul€ differences

of up to 15"C between han¡est times throughout the day. The qualiry of

cabbages harvesæd at dawn, mid-moming, midday, mid-afærnoon, and dusk

*.r. ,i-il", before and after nine weels storage at OoC The lack of effect is

atributed to the protective ftmction of wrapper leaves, v¿hich were removed

at han¡est.

Intermiuent water stresses imposed on the Chinese cabbage Plants during

growrh did not affect the postharvest performance of the stored heads'

Relative water contents of leaves from the hþh, moderate and no stress

treaünents were 94.3o/o, 94.0o/o anð 93.8o/o, respectively imrnediately aÍæt

han¡est. It is possible that the stress tr€aünents applied were insufficient to

elicit a response or that the cabbage Plânts were able to recover fully upon

rewatenng.

An investþation of thrce different storage temPenttures showed that cabbages

stored àt 2}"Chad hþher meøbolic rates, weþht loss and trimming loss and

lower q,ulity than cabbages stored at OoC and 2oC Respiration rates wet€

o.g, 1.1 and 23.6 mL cor.kt.hr-t for cabbages stored at oo, 2" aJld 20'q

respectively. No differences v/efe found berween the two low æmperatures

except in the occr,üïence and severity of symptoms of the disorder, Parchy
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paperyNecrosis @Plrl), which were wofse in cabbages stored ât ooc I¿ck of

syrnptofns prior to storage and in cabbages stored ú zOoC suggest that this

disonderis a form of chilling i"j"ty.

Chinese cabbages were subjected to four wounding treatments: dtPPtd,

trimmed, compressed, or no wounding (conrol), desþned to simulaæ injuies

r¡rpically sustained during posthawest handling. Differences were found

between tle trimming treatrnent and the other tluee treaünents for ethylene

production, weþht loss and trimming loss. No differences wefe found

be¡q/een tfeaünents for respiration rate and quality, with quality scofes of 3'1,

3.!, 3.7 and 3.3 (t r.Ð for control, rrimmed, dropped and compressed

treatnænts, respectively. 
'\üounding treaünents had no adverse effects on the

posthan¡est life or length of storage of tle cabbage heads'

Er<posure of Chinese cabbages to O.O1 lrl.Lt, 0.1 ¡rL.L1 or 1.0 pL.Ll 1-

rneth/cplopropene (l-MCP) for !2 hor¡¡s prior to low temperatr:re storage

did not extend posthawest life nor affect quality. Increased respiration rate

and ethylene production were detected direcdy after fumþation in cabbages

ü€aæd wirh 0.1 F,L.Lt and 1.0 pL.Lt 1-MCP suggesting a stress response, but

decreased to levels simila¡ to those of the control after cooling. 
'weþht loss

for control (O.O ¡rL.L), 0.01, 0.1 and 1.0 ¡rL.Lr I-MCP trcatrrænts was 3.0%,

2.8o/o, 2.4o/o and 2.9o/o, res pe ctively, aft e r nine weeks stolage'
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I/finirnâlly processed Chinese cabbage leaves stored in sealed plastic banier

bags were used to investigate the effects of modified storage atmospheres

containing hþh levels of carôon dioxide (coJ and/or oÐ€en (o)

Atmospheres wer€ monitored for changing gas levels and the minirtally

processed cabbage was assessed forvisual qualityover M days nT"CstorÌrge.

Hryrh Or/low @, initial atmospheres resulæd in hþher quality Chinese

cabbage. Qualiry scores for 30:70, Oz7O, 30:21 artd O:21 @r:O, atmospheres

were2.L,4,L.3 and3.1, respective$after 14 daln storage'

These results htgtlght the protective function of the wraPPer leaves, the

importance of low temperatufe stomge, the value of careful handling, and the

sþnificance of prodrrction issues in postlarvest qualiry. This snrdy indicates

the disorder, PPN is a form of chilling itinry, and that the use of f-VtCP is

not recornrnended for Chinese cabbage. Both super-atmospheric O, storage

and minimal processing of Chinese cabbage have potential but require further

investþation. The resuhs from this snrdywill be rseful to those involved in

the Chinese cabbage industry.
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Cbapter 1

1 INTRODUCÏION

Fresh fruit and vegetables are an important and accessible source of vitamins,

minerals and fibre in the human diet. It is estimaæd, however, that depending on

location and commodity, anywhere between 5o/o and 5Oo/o of harvested produce

perishes before it can be eaten (K"d.t, L992b). For e:<ample, postharvest losses

of Chinese cabbage, a popular Asiafl vegehble' dufing mafkting in Taiwan are

approximate ly 3Io/o fflls a aI, LggS).

chinese cabbage is a Brassica species native to china and is the most consumed

vegetable in that counrry paly and Tomkins, L998). Production of Chinese

cabbage in China during 2OO2was approximately2T rnilhon tonnes FAO,2003)

but postharvest losses can be high, 
"p 

to 6[o/oin some a:tas (!íang and Bagshaw,

2OOÐ. The Chinese cabbage industry in Australia is smail compared to China,

producing approximately 16000 tonnes n Lggg (Australian Bueau of Statistics,

2OOO) for both domestic and exPort markea. Despite a grealÊr emphasis on

postharvest technologyin Australia tha¡ in China, postharvest losses still occr¡r.

Postha¡r¡est storage life depends to sonrc extent on the quâlity of the produce at

hawest, a¡d this is affeoed by factors such as cultivar, field temperan¡re' water
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srarus, and nuuition (Ihomps on, L996;'Weston a¡rd Barth, t997). Different

Chinese cabbage cultivars canvety in their tolera¡rce of htgh field temperTrflres

(I(uo d aI, L988) and in their susceptibiliry to the disorders, such as gomasho

(Phillips, 19SS) and tipburn (Rog.^ ë dl, 7989) -

Fla¡¡esæd Chinese cabbages ar€ sdll meabolicallyactive and begin to deærioraæ

as energyis r.¡sed and moisture is lost. There arc manyfaæors that affect the rate

of deterioration, including storage conditiors, handling, and tlre development of

diseases or disorders (Ihompson,1996;\[lJs a a1,1998). The correct choice of

sromge conditions, ca¡eful handling, and the use of treatments designed to slov¡

deterioration can mÐdmise the postharvest life of Chinese cabbage. One of the

most imporranr facton is to reduce the temperatr:re of produce immediaælyafær

harvest and maintain low temperatures during storage (Kader, L992b;YIlIs ø aI,

tees).

The use of conuolled atmospheres (CA), such as those with high carbon dioxide

and low o)Ð€en levels compa¡ed to ù, in the storage of some vegeAbles is

reported to reduce the rate of respiration and ethylene prodr:ctior¡ thus slowing

deterioration (I(ader, L992a;\Xñß aaI,1998). CAcan also suppress the growth

of postharvest pathogens @recht, 1980). Protective packaging and ca¡eful

handling can prevenr injuries that can other:wise increase respiratior¡ ethylene

production, and the risk of microbial infection.
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Research into Chinese câbbage in Ar,¡stralia has, until recently, concentrated

mainty on prodrrction þmman d dI, Lg87t lvfcKa¡ 1988; Phillips, 1988; Ffll,

1990) but is now focusing on postharvest issues. The main aims of tlre research

reported in this thesis were to determine the effects of various pre- and

postha:vest factors on the storâge life of Chinese cabbage, and to oçand the

general lmowledge of the phpiologythat occurs during this period. The effeca

of water stress during growth, and of harresting at different times druing,h. d"y,

on postharvest behaviour were investþaæd, as wel€ modified atmosphere

packaging and treatment with an ethlilene-inhibiting agent' Various storage

temperatures were te$ed to determine the most appropriaæ for the Chinese

cabbage cultivar used in this research, and a vanety of wor:nd tr€atments were

applied to simulaæ the effeca of poor hândling practices. The resula of this

snrdywill be used to improve the growing, handling, and postharvest storage of

Chinese cabbage in Autralia, and will have important benefits for the industryin

fuian countries v¡here this vegetable is a major pan of the diet.
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Cbapter 2

2 LITERATURE REVIE\T

2.1 Chinese cabbage

2.1.1 Origins, urieties and ases

Chinese cabbage, Brassirø canptris L. ssp. Ñiru"it (Io*) Olsson synonym

Brassiø. rãØ. ssp úiruoit (Io*) Olsson, is fint mentioned in Chinese

literatr:re in the 10ú century ÀD., afthough the cuhivation of otlrer brassica

species (tumip and mustald) had been recorded much earlier in the 5ú

cenrury B.C (Ir, 1981). Chinese cabbage is believed to have arisen from

hybridisation between tumip (ssp. rapfua) and pak choi (ssp. driîø6ís) U

1981; Ren dal,L995).

Over many centtlies, selection for desirable characteristics resuked in many

different forms of Chinese cabbage. The early forms were loose-leafed and

did not prodrrce heads. By the 17ú century AD., heading types that formed

solid heads with close or overlapping leaves had been developed (I-i' 1981). A

wide range of forms is cuhivated toda¡ inctuding the early loose-leafed and

semi-heading t)T)es, and modem cuhivan are adapted to n¡any different

climates and growing seasons þe, 1982).

4AMpø 2 - Litsø'øe Raiettt



Chinese cabbage is an important vegeable crop in China v¿here it makes up a

large proportion of vegetables consumed' especially in areas v¡here other

vegetables afe scarce during winter and spring (Li, 1981). It is also widely

cuhivated in other Asian countries, such as I^Pt, and Korea, and is grown in

many countries arorurd the world. Chinese cabbage is a r:seful source of

vitârnin Ç cdciurn, and dietaryfibre Sfrlls d 41, L984). The leaves a¡€ eaten

fresh, both raw and cooled, and are a common ingredient in salads, stir-fries,

and hot-pot dishes. Chinese cabbage is also eaten pickled or fermenæd and is

the rnain ingredient in the Korean food kimchi, a ferrnented side dish (Chun'

1e81).

2.1.2 Productinn

Chinese cabbage is generally considered to be a cool-season crop (I-i, 1981;

Lee, !982; Lomman d dI, !g87i Kuo ef aI,1988), traditionally sown in lâte

sununer and harvesæd in autumn in temperaæ climaæs. Ftrowever, selection

and breeding have produced a range of different genotyPes adapæd to varior:s

climates and temperature requirements. Fleat tolerant cultivars are grown in

tropical and subtropical cotrnuies such as the Philippines (lvlagallona, 1981),

Taiwan þshizawa d dI, t98L) and Bangladesh (Shinoha:2, 1981). In the

Netherlands during spfuB, Chinese cabbage is ofæn gncwn in greenhor:ses to

protect against the cold weather (van Berlrel, 1988). In Japan, the rxe of

different varieties adapted to various climatic regions allows for cuhivation

almost tll ye* round (lvlatsumura, 1981;'$?'atanabe, 1981)'
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It is estimated that, n 2002, China produced almost 27 rnillton tonnes of

Chinese cabbages FAq 2OO3). By comparison, the Chinese cabbage

industry in Ar:stralia is small, with production n L999 (table 2.L) o[. neafly

16000 toffies (Australian Bureau of Statistics, 2OOO). Eþhty-eþht percent of

tihe crop in Australia is grown in Queensland and 'Sü'estem Australia, and

approximately t67o is exPoned, mostly to south-east Asian countries

(Anonyrnous,2003).

Table 2.L Chinese cabbage production in Ar:stralia n 1999, including area

and value, byState.

Sate Production A*" (I{^) ($oooÐ

'Westem Australia

Newsouth\Øales

Victoria

South Australia

Northem Territory

Tasmania

Total

t2256

2559

669

251

52

304

90

67

84

47

74t9

2599

581

248

43

rs767 592 10690

(Source: Australian Bureau of St¿tistics, 2000)

'r) Maximising the storage life of Chinese cabbage

Fruit and vegeables continue to be metabolically active after they have been

han¡ested and druing storage. As hanrested produce is no longer atached to
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a planr or roor sFrern, it is unable to replenish water lost during transpiration

and the energ)¡ used during respiration, and b.gi* to deæriorate. This

deterioration, along with other postharvest r€sPofises, such as an increase in

the level of ethylene and the brealsdown of cell comPonents, leads to the

aging and death of the produce, known as senescence (Mlls d aI, t998).

There are many facton that affect the rate of deterioration and the t¡'pes of

processes that occur during senescence. They include the quality of the crop

at haryest, storage tempenture and atmosphere, injury during han¡est or

srorage, and the presence of diseases or disorden (Kadea L992b; Thompson,

1996; \ffrlls d dI,t998).

2.2.1 Preba¡'æstfacton

The posthan¡e$ life of produce can be affected by the quality of the croP at

ha:¡¡est. This is influenced bynumerous factors during the production of the

crop and at the ti¡ne of harvest, such as cukivar, water status' nutrition,

rempeftrnue, and harvest maturity (Ihompson, t996; \Øeston and Barrù,

LeeÒ.

2.2.1.1 Cukivan

Different cukivars of the same horticultural crop rnay differ in composition

and in their susceptibility to diseases and disorrden, leading to differences in
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their rates of senescence, length of storage life, and postharuest quality'

Differences in glucosinolate concentration between cabbage cuhivars has

been shown to inflr:ence the raæ of senescence, with cukivan containing

relativelyhþh concenuations of glucosinolaæs senescing at a slower rate than

cultivars with lower levels (I-ipton,19S7). Chinese cabbage cukivan differ in

their ability to tolerate high field temPeñttures, and this affects both leaf

nrgidity a¡rd head formation (Kuo ø aI, t988). They also differ in their

susceptibiliry to bacterial soft rot (McKay, 1988), and in their tolerance of the

disorders gomasho (Phillips, 19SS) and tipburn þgen d 41,7989). These

disorden are fuither described below. Fhitlipt and Genbach, t989) forurd

that the cukivan 'China Pride', qüülR Grcen 60', and 'T¡easure Island'were

tolerant to gomasho and that Tksumi II' and 'Hoog Kong' were highly

susceptible. The cuhiva¡'Hotg Kotg'was shown to be less sr:sceptible to

tipburn, as were Mng Emperor'and Jade Pagoda', than the cukiva:s 'Orient

E4press' and'BF 060' (Rogen d dI, t989).

2.2.L.2 
'Water 

status

In teafy vegeÞbles, the progress of senescence is influenced by the water

statr:s of the leaves (I-ipton, Lg87). Friø and \Øeichmann (1931) concluded

that a completely t"{gid stâte was favourable for Chinese cabbage being

placed into storage as this resuhed in lower weþht loss during storage. A

turgid sate is not, however, corsidered desirable at harvest as the leaves

become brittle and are more likelyto be damaged when handled @adet ø aI,

IAryø2 - LiwømRetieut



L974;'Ihompson, 1996). '\ü(i'aær stress during growth can affect some quality

chancæristics of Chinese cabbage at han¡est. The develoPnrent and severity

of tipbum is associated urith adverse growing conditions including water

stress (Saure, 1998), and Aloni d dI (1986) noted that tipbum develops

quickly in Chinese cabbage Plants rhat receive insufficient irrþation' Kuo ø:

dI (1988) suggest that Chinese cabbage Plânts need to be provided with

sufficient water dr:ring the heading stage to ensure leaf turgidity, v¡hich is

linled to head formation. The effect of irrþation is most often measured by

differences in yietd. Chinese cabbage was for-urd to r.qrrire more irrigation in

spring than in autunn and increased fldt were obtained with more fiequent

rnþation (Suh ø dI, Lg87). Sprinkler and rain hose irrþation fesulæd in

increased yt ldt of Chinese cabbage in both sPring and aunrmn compared to

furrow irrþation (Eo- and Irl1 tgg)). Yang and ZhaaJrig í992) found that

ceasing irrþation nine dap prior to harvest gave the hþhest gross and net

weþht production compared to ceasing inþation both earlier and later.

2.2.L.3 Nutrition

Improved crop nutrition is also associated with increased yields, as well as

with the prevention of disorden related to nutrient imbalances. In a snrdyby

FÍll (1990), the hþhest ma¡lctable Èldt of Chinese cabbage were obained

with applications of nitrogen fertiliser at nrtes of 200 lrg'htt and 3OO kg'h"'t,

compared ro ñrtes of O, 50, 1OO, and 4OO kg.ha-l. fil (1990) also noæd an

increase in losses due to bacterial soft rot q/hen the fertiliser was applied * a
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rate of 4OO kg.ha 
1. Similarh McKay (1983) reported an increase in bacterial

soft rot due to application of hþh rates of nitrogen fertiliser late in the

growmg season.

Ffrgh rates of nitrogen fertiliser, between 3OO to 5OO kg.ha 
1, have also been

associated wfuh the occruïence of gomasho (or petiole spotting) in Chinese

cabbage $akahashi, 1981; Phillips and Gersbach, 1989). Phillips and

Genbach (1989) observed a consistent trend of increased incidence of

gomasho in stored Chinese cabbages that had received rates of nitrogen

fertiliser of up to 5OO Lg.h"-t. In general, produce containing hþher than

normal levels of nitrogen does not have good storage cha¡acteristics

compared with similar produce conaining lower levels (fhomPson' L996).

\leichmann (198Ð however, found that different rat€s of nitrogen fertiliser,

between 80 and 240 kg.h^r, applied during growth did not affect Chinese

cabbages during storage.

Another nutrient imbalance, calcium deficienc¡ is closely associ¿ted with the

disorder tipburn Figt* 2.1), which affects Chinese cabbage and many other

leafyvegeables (Ihibodeau and lvfnotti, !969; Shear, t975). Becar¡se tipbum

affects the ;or:ng leaves growing in the inner part of the plant, causing

browning and necrosis (Saure, 1998), it is rarely evident in the field and is

usuallydetected after han¡est (Rog.o d al, L989). Foliar sPraF of calcium a¡e

sometimes effective in contrrclling tipburn (Íhibodeau andlvfnotti 1969), but
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are rot always successful, possibly due to the inaccessibility of the inner leaves

(van Berkel, 1988). The incidence and severity of tipbum is influenced by

adverse growing conditions, such as wâter stress and soil compaction, and by

high temperahües, incteased lþht intensity, and extended photoperiods,

suggesting that tipburn may be induced by stress which interferes with the

supply of calcium to growingleaves (Saure,1998).

Figure 2.1. A Chinese cabbage severely affected by tipbum.
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2.2.1.4 Temperature

The temper:rtures that growing vegeables are exposed to in the field affea

the grovzth rate, maturation, composition and, consequend¡ the qualityof the

vegetâbles at hañ/est and dr:ring storage (Kader d il, t974). Field

tempenrnüe affects turgidity, thereby influencing susceptibfity to physical

damage, and can also promote the initiation and spread of diseases (Kader ø

dI, t974). Fntz and \Øeichmann (19SÐ found that hþh field æmperatures

(r:nspecifieQ prior to harvest increased trimming loss in Chinese cabbage and

suggesred that this rn yb due to nutrient and metabolic imbalances resuhing

from accelerated growth. Exposure of Chinese cabbage to low temPerz¡tufes'

generally below 15oC, can initiate flower sølk develoPrnent' referred to as

bohing, v¡hich malas the cabbage head r¡r¡ma¡lçeøble @aly and Tomkins,

1ee8).

2.2.t.5 Flarvest matr¡rity

The han¡est maturity of LeaÍy, head-forming vegeables such as Chinese

cabbage is usr:ally deærmined by the solidity and size of the head, and both

these factors contribuæ to the qrâtity and postharvest life of the harvesæd

crop (Reid, I992b). For example, Chinese cabbages with more cornPact

heads at hanrest stored better than those with less comPact heads (Ludfond

and Isenberg,t987).
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2.2.2 Postbaræstfacton

Afær hawest, the storage life of pncduce ca¡r be maximised and the quality

maintained by various methods and treatments desþned to inhibit the

processes of senescence. lVfanagement of the produce temPentufe,

imrnediately afær han¡est and during storìage' is considered to be the most

important factor (Kader, t992b; Thompson, L996; vils A al, 199s).

Modification of tle srorage environment to reduce respiration and water loss,

handling to minids" itj.try, and the r:se of üeatrnents to counteract the

deleteriorx effects of ethylene are examples of other techniques that can be

used (Kade r, L992b; YÃlß a aI, L998).

2.2.2.1 FIan¡esting and cooling

Cooling produce as quickly as possible afær it has been han¡ested is a crucial

first step in maintaining qualityand mæ<imising storage life (Ifuder ddI,t974;

Thompson, L996;VÍlls a aI, tg98). In the field, the temPeraturc of the crop

is close to ambient air temperature and, depending on the season, the

imrnediate weather conditiors and the time of day, may be 40'C or hþher

(Sftlb ø dI, Ig98). An increase in tempenture leads to an increase in

respiration rate and the generation of vial heat of the crop (fhompson, t996;

YÍlß a aI, 1993). Flarvesting in the early morning, vtren both the

temperaturc and the respiration ftrte ere lov¡, aids the process of cooling the

produce as quicldy as possible (fhompson, !996; \fills ø 41, t998). ]ü(ifuh
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leafy vegeables, however, this oPPoses the view that harvesting should be

done in the late aftemoon, u¡hen leaves are less turgid and less likely to be

damaged (Ph*, L987a). Flarvesting late in the aftemoon, afrcr a full day of

photosynthetic activity, mayalso give produce the advantage of hþh levels of

sugar, v¡hich have been associaæd with long storage life in lettr¡ce and

cabbage (Lipton, L987).

2.2.2.2 Storase

The storage temperaturc ditt.tly affects the posthawest [fe of leafy

vegetâbles (I-ipton, t984. Iowering the temperature reduces the raæ of

respiration and other metabolic activities, vzhich in nrn reduce the rate of

deterioration and senescence Fh*, t987b;Mtchell, t992a)- The lowest raæ

of senescence is achieved v¡hen the storage temPeratu¡€ is jr:st above the

fueez-ng point of the produce, or the chilling i"j"ty th¡eshold in chilling-

sensitive crops Sfrlls d aI, t998). Srudies have shown that the lower the

storage tempeftItufe for Chinese cabbage, the longer the stonrge life

@uschmann and Fleinen,!978;Emu:4, 1978; Peten ddI,L986). Flansen and

Bohling (198Ð reported that storage at t€mPeftItul€s below OoC could qrænd

storage life of Chinese cabbage and that cuhiva¡ influenced storage li[e' In

the same snrd¡ the authon observed no freezing damage in samples stored at

-1oq v¡hen allowed to thaw ar 3.5oC, v¡hilst Peærs d aI (L986) rePofted

sever€ frost injury ú -2oC Ap.lr"d (198aa) proposed that brown

discolouration of midribs observed in Chinese cabbage stored at OoC for up

Aapø2 - LitøøaeRaieut 14



to 105 dap was due to chilling itj,try, and that the degree of injury differed

between cukivars, with .WR Green 60' being the most sr:sceptible and

'Treasure Island' the least. Daly and Tomlçins (1998) observed chilling iojuty

Ð'rnptorns in Chinese cabbage cuhivar .\WlR Green 60' stored for nine weels

at OoC and in various controlled atmospheres. Two other cuhivars r:sed by

Daly and Tomkins (1998), Yuki' and 'Green Rocler" showed no symPtoms

of chilling ittj,rry, however, Yuki' and another cukivar Tksumi II' showed

symptorns of a disonder named Patchy P^Wry Necrosis, q¡hich the authors

suggested rnayb linked to cold stonge.

Storage tempenfu¡€s of less úan lO'C can also reta¡d the growth and

development of some pathogens. Yoder and Vhalen (1975) rePorted that the

optimum tempefttture for growrh of. Btrytis ciræt"a on cabbage was 20 to

25"ç and that at tempenttur€s below lOoC rates of growth and decaywere

very low. of eþht f*g.l species studied byI:, a dl (1994) only five could

infect Chinese cabbage stored ât lOoC and onlythree wer€ able to sponrlate at

5oC or less. Li d aI (lgg4) concluded that temperature control is important in

the inhibition of storage f.-gi.

Humidity also affeca the grcwth of pathogers in storage environments, with

relative humidities of.95o/o or more favouring the growrh of fungi $ñlß a aI,

1993). Yoder and \ü/halen (L975) recorrded that stored cabbage suffered the

most decay by Bæryw ciløt?z at 97o/o to lOOo/o relative humidity' but that no
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damage was found v¡hen the rel¿tive humidity was below 94olo. It was also

noted that even at high relative humidity, healthytissues werc not infected if

there were no wounds and no nutrients on the leaf surface.

lvfaintaining 
" 

htgh relative humidity in storage is an important method of

reducing the rate of water loss fromproduce fflls ø aI, L998). In a studyby

van den Berg and Lentz (Lg7ï),outer leaves of Bn:ssels sProuts, cabbage, and

Chinese cabbage wilted v¡hen stored atg}o/o-95o/o relative humiditybut not at

98%o-LOOo/o. For Chinese cabbage, a longer storage life (1014 weels) was

achieved at 98olo-1OOo/o relative humiditythan at 9Oo/o-95o/o (8-12 weels). In

their investþation, van den Berg andl-entz (1978) found that moisture loss,

pllowing, and decaywere the rnain limiting facton of storage life of Chinese

cabbage stored af 9Oo/o-95o/o relative humidity, compared to decay only at

9\o/o-t}Qo/o.

Controlled atmosphere (CA) storage loq¡ers the respiration rate and slows

down ethylene production, rearding senescence in stored produce (Kader,

t992a; \firlls ø dt, t998). Other hnefits of C.A storage include slowed

chlorophyll destruction (,üØrllr ø dI,1998), alleviation of some phpiological

disonden (I(ader, t992a), supprcssion of posthanrest pathogens @recht,

1980), and reduced effects of eth/ene (Ludford and Isenbery, t987). \fith

the storage of Chinese cabbage, subatmospheric levels of q aPPeaf to be

most effective qihilst super-atrlospheric CO2 levels have proved hanr¡ful.

\l*g and Ji (19SS) reported reduced pllowing of ouær leaves and delayed
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browning of outer midribs of Chinese cabbage during stonge tn L"/o 02 for

12 weels. In a previor:s sflrd¡ \Øang (1983) found that outer leaves of

Chinese cabbage retained 600/o of. initial amor:nts of chloropþll afær five

montfu storage tn |o/o 02, atOoC In the same investigation, Chinese cabbage

exposed to CO2 levels of 3Oo/o to 4}o/o for five or ten da;a srsained hþh

trimming losses after storage for one month (Sü*g, 1933). 'tüØeichmann

(1981) found that increased weþht loss occurred as COz levels druing storage

were incrcased, and that trimming losses were hþher and marlct¿ble

quantities lower for Chinese cabbage stored for L20 d.y" it 7.5Yo @2

compared to 5o/o andzo/o Co2. Resuhs from other sttrdies confirmthat levels

of CO2 of approximately 5o/o or greater are detrimental to long ærm storage

of Chinese cabbage, and that best ¡esuks are achieved with 02 levels of.4o/o or

less @elleboer and Schouten, 1984; lvteræns, 1985; tVatg and Krarrrer, t989;

Y*g and Peh L996). Investþations into atmospheres with 02

concentrations over 2!o/o have also shown benefia for postharvest phpiology

and quality of some horticuhural produce (Kader and Ben-Yehoshua, 2000)

but have not been assessed for Chinese cabbage. Super-atmospheric 02

atmospheres, either alone or in combination with different levels of @2,

have been shown to avert anaerobic conditions in packages of blueberries

(Rosenfeld d aI, Lggg) and inhibit microbial growth on agar (Amanatidou ø

dI, Lg99) and on straq/beffies (Søt*lrli and Mtcharr¡ 2000).
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2.2.2.3 Treatments

The level of ethylene present in the storage atmospherc also influences the

raæ of senescence (Ibid, t992a). Ethylene is produced by tll vegetative

rnatter and is associaæd with leaf abscission, loss of chlorophylJ' and

senescence of a wide range of crops þugheed A aI, t987)- Ethlilene can

easily reach harmful levels during storage if prevenative næasur€s are not

taken. Even relativelysmall afnounts of eth/ene, as little as 0.005 ¡tL.tlrmay

be sufficient to promote senescence (tü(l'tllt ø 4I, \g9g), reducing storage life

and posthawest quality. Chinese cabbage stored at OoC had a stonrge life of

51.1 dap in O.OO5 pL.L t ethliene compared ro 26.6 d"p i" 0.1 pL.L1

ethylene (W'tlb ø aI, L99g). There are tluee main straægies for proæcting

against eth/ene e>rposrue - avoida¡rce, removal and inhibition (Sherman,

1935). Avoidance of ethylene includes careful h*dli"g and æmpenrttue

managenænt to suppr€ss eth/ene production and storage of produce away

from exremal sources of ethylene (I(nee d il, 1985; Sherman, 1985).

Ethylene can be removed from storage arcas by ventilation and also by

oxidation with reagenc such as potassium Permanganat€ and ozone or by

r:sing a catal¡ic oxidiser (Sherman, 1985; Reid, t992a;lyriß aaI,199S)'

The effects of ethylene can be reduced by CA storage and by trcatment of

produce with va¡ior.r.s chemicals that either inhibit ethylene synthesis, such as

aminoethox¡ndnyl glpine (AVG) (I(nee d d, 1985), or inhibit eth/ene
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acrion, such as silver thiosulphate (STS) [üü',ft d aI,1998). Neither AVG nor

sTS are safe for use on edible crops (I(ne e d dI,1985; \Vills a aI, t998) and

STS is haza¡dous to the environment (Sercka aI, L995). Another compor:nd,

l-methl,lcyclopropene (1-MCP), has also been found to inhibit the action of

ethlilene, byblocking the eth/ene binding site, and is considered non-toxic to

mammals and the environment (Mtb ø dI,1998). 1-MCP has proved to be

effective in proæcting cut flowers (Serek d aI, !995; Sisler d aI, 1996a),

bananas, rorwrtoes, pofied plants, and pea seedlings (Sisler d al, L996b)

against eth/ene. 1-MCP was also found to inhibit the degreening action of

ethylene in oranges; howeveç it did not inhibit the negative effects of eth/ene

on oranges during storage and was shown to increase the incidence of chilling

injury symptoms, microbial decay and volatile off-flavoun (Porat d dI, L999).

2.2.2.4 Flandline

Fruit and vegetables are sr:sceptible to damage during and afær harvest

caused by rough or excessive handling, a¡rd inappropriaæ packaging.

lvGcha¡rical damage encompasses injuries car:sed by cuts' impact,

compression, and vibration (tüfftllr ø dI, t998) and such injuries can increase

respiration, eth/ene production, and the risk of microbial infection, thus

shortening the storage life of the produce. In a snrdy of the effects of

handling method on storage losses by Kim and Kim n L992 (cited in

Thompson (lgg6),p.13), cabbages that had been damaged during harvesting

and handling had storage losses approximatelythree-and-a-half times that of

AMFø2 - LitøaweRaieut 19



rurdamaged cabbages after storage for ¡wo montfu. In Eastem-central China,

mechanical darmge can account for losses of up to 3!o/o of' Chinese cabbage

before the produce feaches the reail marlet flW*g and Bagshaw, 2001)'

Most of this mechanical damage rcsuhed from rcugh h*dli"g dufing

weþhing and loading of the fresh Chinese cabbage at collection centres and

transportation to marlçeæ CX¡*S and Bagshaw, 2001)'

2.2.2.5 Packaging

Storing han¡ested produce in packaging can reduce waterloss, especiallywhen

the packaging mat€rial is an effective moisnrre barrier, such as po\æth/ene

film or wær-coated boa¡d (|vútche[ t992b; vills ¿ 41, t998). In an

investþation into hþh humidity storage' Daly and Tomkins (1993) stored

Chinese cabbage in ca¡toru with and without "high humidity box linen" at

various temperatures. They reported that the storage in the "hþh humidity

box liners" sþnificantly reduced weþht loss, at all temperatures, and *ihit'g

compa:ed to normal air storage. The authors also noted that rots developed

on the Chinese cabbage stored in the "high humidity box linen' 
^T'

temperïrtut€s of 8o and 12"Ç but not at the lower temPenhrres of 0o and

3oC Emond â aI (1995) forurd sþnificant reductions in water loss and

condensation formation using perforaæd plastic packaging, and suggesæd

that perforaæd fikns had the potential to e:rænd shelf life of fruit and

vegeables.
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2.2.2 -6 Mnimat Drocessrns

lvfinimâl processing is a convenient and increæingly popular way to supply

fresh fruit and vegeables to the user (Gtrooll, L992; Gotny, 200Ð.

Depending on the product, minimal processing rxually involves washing,

tfimming, peeling, slicing, or shredding, md in most cases heþhtens

perishability by increasing the rate of senescence and the risk of pathogen

infection (C-antwell, t992). The major factots affecting the qrulfuy of

minfunally processed products arc temPeraturc, atmosphere, relative humidity'

and sanit¿tion (Waada d aI, Lgg6). In a snrdy by Kim and Klieber (1997),

preseruative dipt and low tempenttufes wefe tested as a nrafis of

counteracting the increased perishability and reduced shelf life of minirnally

processed Chinese cabbage. Resula showed that citric acid dip e>rænded

stonge life from 10 to 14 days at 5oC and that a longer stonrge life of 2L da¡6

was achieved at OoC Modified atmospheres (MA), eitlrer actively applied or

generated by th. product, are also used with packaged minirnally processed

produce as another means of e>rænding shelf life and mainaining qr¡atity

(C*to"ll, L992; Vatada a aI, 1996). The modified atmospheres, which

generally consist of super-atmospheric @2 and/ or subatmospheric 02

levels, act similarly to conuolled atmospheres by reducing respiration and

etþiene production, and have other benefits such as reduced water loss and

suppression of. enrym*tcbrowning and microbial spoilage (Gom¡ 2001).
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2.3 C-onclusion

Success in establishing domestic and export marlrets for Chinese cabbage is

dependent upon reliable supplies of quality product. Posthan¡est techniques

are important in maintaining a steadysupplyof good qualiryChinese cabbage.

In orrder to improve posthariest conditions and treatments' a thorough

undentanding of the physiological processes that are active afær han¡est and

howthese are affecæd byvarious factors is required.

Research has been canied out on many aspects of postharvest phpiology of

Chinese cabbage, but there ate aleas that need investþation or fudrer

clarification. 'Water stress during growth ca¡r affect head formation (Kuo ø

dI, tg88) and severity of tipburn (Saure, 1998) in Chinese cabbage. Does it

have an effect on posrhawest rcsponses, or on the water status of the head at

han¡est? Full nr:gidityincreases the probabilityof damage during harvest and

handling (Ifuder d dI, t974; Thompson, 1996), but resuhs in lower weþht

loss during stonge frritz and'sfeichmann, 1981). Do the benefia of early

moming harvesting, that is low æmperatures and high water stâtr¡s, outweigh

the possible loss of outer leaves and increased risk of microbial infections,

and does hawesting at different times of the day have any influence on other

postlarvest processes ?

Different cukivan of Chinese cabbage have been found to respond

differently ro pre- and postharvest conditions. It is therefore necessary to
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estâblish the optimal storage temperature and atmosphere for cuhivars to

ensure long-term stomge with minimal loss of qrulity. Little or no

information is available regarding h*dli"S practices or specific postharvest

trcaünents for Chinese cabbage, and investþations conceming the

effectiveness of varior:s paclsaging, trim¡rring methods, or chemical trcaünents

in delaying senescence or optimising qualitya¡e needed.

The ocperimenUl metlods used in this thesis aimed to provide answers to

these questions and therebyoptimise the growing, harvesting, and postharvest

practices trsed by gfowen of Chinese cabbage in Ar¡stralia a¡rd other

countnes.
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Cbapter 3

3 GENERAL MATERIALS A\TD METHODS

3.1 Plantmaterial

Chinese cabbage, cv. Yuki', was r¡sed for all the experiments in this project'

This b,brid cuhivar, bred by Salsaa Seed Co. in Japan, is considercd to be

resistant to clubroot and tolera¡rt to tipbum and gomasho (P. Shepherd"

Faiôaút Seeds c-o. Pry Ltd, pers. comm 2oo2). seed was purchased from

Fairtank's Seeds Co Ptyltd, Footscray' Victoria'

3.2 Posthawest evah¡¿tions

3.2.1 'Weightloss

\Øeþht loss was a measure of the change in weþht that occurred q/hile the

Chinese cabbage heads were Lept in stomge. C-abbages were weþhed

immediaæly before being placed in storage (ioiti"l 
""bht) 

and again upon

removal from storage (final weþht). \(leþht loss was the difference between

the initial and finat weþhts expressed as a Percentage of the inftial weþht'
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3.2.2 Trimming loss

Trimming loss was a rrcasure of the amount of leaf, and occasionally core,

material tlat needed to be removed from a Chinese cabbage head before it

was considered to be marlçet¿ble. Cabbages were weþhed þre-trimmed

weight), ffimrned of senescing or damaged leaves and erty rouing core, and

then reweþhed (trimmed weþht). The trimming loss was the difference

berween the pre-trimmed and tfiÍrmed weþhts e4pressed as a percentage of

the pre-uimmed weþht.

3.2.3 Quality scores

3.2.3.1 E><periments conducæd in 1999

The location and severiry of the visual symPtoms of senescence (yellowing,

browning, and roaing). and of pre- and posthanrest disorden (tþbum,

gomasho, pesr damage, patchy pawry necrosis) were reconded. This was

done during the trimming Process, and afteç v¡hen the head was dissected

and further inspecæd. The severity of each of the syrnPtonrs and disorden

was allocated a score, between O (nonQ and 10 þevere). This score took into

account the imponance of each symPtom or disorder in determining the

quâlity of tÏe Chinese cabbage. Mld cases of all senescence symPtorns and

disonden werc raæd 1 and moderaæ cases were r:;red 2. As senescence

Ð¡rptoms such as ;ællowing and browning are generally festricted to outer
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leaves or leaf tips, and rarely aÍÍect the interior of the cabbage head, severe

insta¡rces of tlese symPtorns wefe rarcd 4. Severe instances of pest damage

were rated 5 as these generally peneuated several 1")oo of leaves. Severe

instances of disorden, which can occur throughout the entire cabbage head,

influence quality much more tlan severe senescence symPtoflts and were,

tlerefore, given hþher ratings. A rating of 10 was given for sevet€ cases of

gomasho, tipburn, patchy p Wrynecrosis, and roning, as cabbages with this

level of these symptotns were of such poor qualiryto be compleælyunusable.

The toul of these scorcs indicated the overall quality of each cabbage. Toul

scoÍes of O (good) to 3 (average) indicated marlaable qualiry and scores

above 3 þlow average) indicated r¡¡rmarleable quatity. The hþhest scofe

possible was 49.

3.2.3.2 Experiments conducted in 2000 and 2001

The presence and severity of the visual symPtorns of senescence (;ællowing,

browning, and roning) and of pre- and postharwest disorden (tipbum,

gomasho, pest dasiage, patchy p Wry necrosis, bohing) werc noted dufing

the trimming process, and again v¡hen the head was dissected and further

inspected. The Chinese cabbage was then allocated a qualityscore of beween

1 (good) and 5 þoor) based on the pr€sence and severity of the symPtot1rs

and disordeß, s well as the overall aPPeafance of the head. Scores of

be¡r¡een 1 and 3 indicaæd mar[etable quality and scores over 3 indicaæd

unrnarketable quality. The hþhest score possible was 5.
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3.2.4 Chbropbyll fluorescence

Ctrlorophyll fluorescence was measured in e4periments conducæd n 1999

only. The fluorescence of ctrlorophyll in one outer leaf trimmed from each

Chinese cabbage was rrcasured *iog a Fluorescence Induction Monitor (FIM

1500, ADC BioScientific Ltd, Hoddesdon, England). K.y fluorescence

paxameters of Fo (minimum fluorescence), Fm (rr¡ærimum fluorescence), Fv

(variable component - the difference between Fm and Fo), and the ratio of

Fv/Fm were recorrded and used as an indication of the photosynthetic

capacity of the leaf. As chlorophyll degradation is a cha:acteristic of

senescence, rcduced photosynthetic capacþ may denote the onset of

senescence before visuâl syrry)tons can be seen peEll d dI, L999). The

næasurenænts wer€ taken from aÍL areain the uPPermost portion of an ouær

leaf, approximately 1 cm from the leaf mafgin and as close to the centre line

as possible. The measr¡rement area was dark-adaptedfot 20 minuæs priorto

illumination, the lþht intensþ was set at 18OO ¡rmol.m2.s-l and the reading

was taken over five seconds. The correct dark adaptation time and lþht

intensity setting at€ required in orrder to obtain accunrte ma:<imum

fluorescence nrcasureÍrents and were deærmined in preliminary trials as Per

the manufacturen instructions (Anonynous, undated).
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3.2., Energy substrates

Energysubstrate levels were rneasured in oçeriments condrrcted in t999, atd

only in pre-storage samples taken from Chinese cabbages gro'wn in the

second crop. The levels of sucrose, glucose, and fructose in samples wer€

determined using an enzymatic assay. Four samples from each cabbage (an

outer, middle, and üurer leaf, and the core) were frozen to -80oÇ freeze-dried

and then ground into a homogeneorx povder. Samples of 5 mg were

deproteinised by adding 640 ¡tL 0.6 M HoO4, mixing and then adding 360

¡rL of 2 M KOH (adapted from witherspoon and Jaclson (1995)). The

mir$ure was centrifuged for 15 minutes ^r 
LTOOO x g and 750 ¡L of the

resulting supematant was adjusted to pH 8.0 r:sing 0.5 MKOH Sffrthenpoon

and Jaclson, L995) and then diluted with an equal volume of særile milliQ

water. Fifry pL of this extract were assa)æd using a technique based on the

Sucrose/D- Glucose/D-Fructose Ertrymarrc BioAnalysis kit (Gtalogue No.

7L6260, Boehringer vrÆnheinq German/. The levels of sucr',ose, glucose,

and fructose were estimated from the change in absorbance of NADPH at

340 nm measured in a Varian Cary t W-Visible Spectrophotonæter (Varian

Australia, Mulgrave, Victoria) (F g"* 3.Ð.
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The following formula (3.1) was used to calculate the concentrations in g'Ll:

Concentratio"G.L): V x M\V
exdxvx1000

x ÂAbs (3Ð

C-oncentratior, (ro'.g t D.\ø) : concentration in g.L 
l.samPle solution x 1000 ... ...Q.2)

sample weþht itt g.Lt sample solution

q¡here V : finalvolume in rnl.

M\üø : molecular weþht of substance assayed in g.mo[l, v¡hich is

180.16 for ghrcose and fructos e and342'3 for sucrose

r : extinction coefficient of NADPH 
^t 

340 nrr¡, u¡hich is 6.3

L.mmol1.cm1

d :lþhtpathincm

v : sarnPle volurræ in rnl-

AAbs : difference in absorbance of NADPHat 340 nm

The concentrations were then converted to *g.gt dry weþht (D.v) *.g

the following formula (3.2):
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Figure 3.1. The Varian Cuy 1 lJV-Visible Specttophotometet 0*i^

Australia, Mulgrave, Victoria) used to fneasufe the chanç in absotbance of

NADPH at340 nm.

3.26 RespiratÍon nte

The respiration rate of the Chinese cabbages was deterulined by measuring

the levels of carbon dioxide produced by the cabbaç heads over time.

Cabbages were weighed and then anclosed in 15 L plastic buckets with lids

fitted with rubber septa and tightty sealed with vacuum gfease. Headspace

gâses wefe sarrrpled aftet 24 hows for all cabbages except those stored at

2OoC, as described in Chaptet 6, which were sampled after two houts.
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Cabbages were lapt at their respective storage temlænttul€s druing the

procedure and the plastic buc[ets wer€ Precooled for approximaæly one

hour, vtrere necessafy. The samples were obt¿ined by piercing the rubber

seprum with a needle and dnwing headspace gas into an attached 1 mL

syringe. To deærmine the levels of carbon dioxide Present' the 1 mL gas

sample was injected into a Va¡ian 33OO thermal conductivity gas

chromatograph fl/arian Australia, Mr:lgrave, Victoria) equipped with a silica

column (35 cm x 3.1 mm i.d) of SO/1OO and calibrated using 0.5olo CQ gas

sandârd (BOC Gases, Torrensville, SA). Tempenrture conditions were 90oC

for the injector and detector and 28oC for the column, and the flow raæ of

helium (carrier gas) was 5 ml.min-l. The resuhs were exPressed as mL of

@2 produced per þ of fresh weþht per hour (mL Cq'kg t'ttt-)'

3.2.7 Etbylene production

Eth/ene production by the Chinese cabbages was deærmined by rneasuring

the levels of etÌ5,lene produced by the cabbage heads over time. cabbages

were weþhed and then enclosed in 15 L plastic buckets with lids fitæd with

rubber septa and ughtty sealed with vacuum grcase. Fleadspace gases wer€

sampled aÍter 24 houn for all cabbages excePt those sto¡ed at 20"Ç as

described in Chapter 6, vihich were sampled afær two hours. Cabbages were

kept at their respective storage temPentur€s during the procedure and the

plastic buclçets were precooled for approximaæly one hour, v¡here necessary'
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The samples were obained bypiercing the rubber sePtum with a needle and

do*i"g headspace gas into an attached 1 mL sytinge. Ethylene levels were

detecæd byinjecting the 1 rntr- gas sample into a Varian 3400 flâme ionisation

gas chromatograph $/arian Australia, Mulgrave, victoria) equipped with a

Porapak Q søinless steel column (60 cm x 3.1 mm i.d) of 80/100 mesh and

calibrated r¡sing a 1.9 ppm QFI+ stz¡rdaod (BOC Gases). Temperanre

conditions were 5OoC for the column, 135"C for the injector and 150'C for

the detector. FIow rates of the canier gases niuogen, hydrrcgen, and air were

50,40, and 3OO rnl.min-l respectively. The results werc eïPfessed as nL CrFI4

per kg fresh weþht per hour ("L CrFI*.lg 
t.ttt 

).
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Chapter 4

4 THE EFFECT OF TIME OF DAY OF HARVEST ON

THE POSTHARVEST LIFE OF CHINESE

CABBAGE

4.1 Introduction

Earlymoming is considered to be the best time of ðayto harvest vegeables,

as this is v¡lren the water status of produce it hgh and the æmperature and

respiration rate are low (fhompson, 1996; vÃß a aI, 1998). These

conditions rnay be beneficial in mainaining qualfuy of produce and

prolonging postharvest life. For leafyvegetables, however, harvesting in the

l¿te afæmoon maybe prefened, v¡hen leaves are less nt{gid and therefore less

lilalyto be damaged (Ph*, t987a). Energysubstrate levels at this time of the

üy *high, and this hæ been associated with incrcased storage life in letnrce

and cabbage (I-ipton, 1987).

Chinese cabbage is a leafy vegeable that forms a densely packed head'

Flarvested heads store well for long periods at low temPeraturcs, but are

prone to various postharvest disorders such as gomasho and chilling i"iu"y

(Flarrsen and Botrling, 1981; Gajewsld and skapski, t994;Daly and Tomkins,

1998). This study was conducted to investþate v¡hether length of storage,
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qaliry, water srarr¡s, or energysubstrate level of the cabbages is influenced by

the time of. day of.ha¡vest or bydelap in cooling of the harvested heads.

4.2 Materials and methods

4.2.1 Hanrst titne and bolding period

For this e>geriment, two croPs of Chinese cabbage cv. Yuki'wer€ grown at

the ùens Research Cæntre, Ovens, in Victoria, Ar:stralia. Each crop

consisæd of tluee adjacent raised beds conaining two rows of approximately

120 plants each, giving a total of.7ZO Plants Per croP. Seeds for the first crop

were sown on November 9, 1998 and the seedlings were transplanæd by

machine on December 22, L998. For the second croP' seeds wele sown on

larruary 5, !g9g and seedlings wel€ rransplanted on February L7, t999.

During bed preparation, a standâfd fertiliser, comprising nitrogen,

phosphorus, poøssiurr¡ and sulphur at the ratio of 8:11:10:2 was incorporated

at rlre rate of 5OO þ.hi1. A side dressing of calcium nitraæ at the næ of. t25

k.h¿t was applied approximately five weels afær trarsplanting. The

her$icide, Dual@ (Ì.[o"tnit Intemational AG, Switzerland, acdve ingredient

metolachlor), and insecticide, Lonban 5OOE@ (Do* Elanco, Indianapolis,

Indiana, USA" active ingredient ctrlorpyriphos), werc applied imn:ediately

after transplroti"g at rates of 3 L.hat and 2 L.hat respectively. Fircd

sprinklers provided overhead watering at 
^ 

tzrtÊ, of 14 mrnhr-l. The fint crop

received approximately 168 mm irrþation and 77 mm rain and was last
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waærcd on lvhrch 6, Lg9g. The second crop received approximaæly2Q3 mm

inþation a:rrd tO2 mm rain and was last watered on April 26, L999. The fint

crop was harvested on lvlarch 9 and the second onlvlay4, L999.

4.2.1.7 Trcatments

Each raised bed represented one replicate and was divided into æn plots, each

containing a similar number of cabbages suitable for æsting Figt* 4.1). Ten

harvest treatnrcnts, made up of five harvest times (dawn, mid-moming,

midda¡ mid-aftemoon and dusk), each with t'wo holding P"ti"dt (cooled

imrnediately or lrept in the field for 30 minute$ were ra¡rdomly allocated to

the plots in each bed as a ra¡rdomised compleæ block desþn. The cabbages

were then harvested according to the allocated treatfnents, s,ith 14 heads per

replicaæ harvested for each tr€aünent. Flan¡est times and the corresponding

air temperatures are shown in Table 4.1. The temPenrttu€s during harvesting

were within the range for autumn v¡lren Chinese cabbages ar€ most likely to

be har¡ested in southem Australian growing regions.
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Figure 4.1. Raised beds of rnatute Chinese cabbage cv. 'Yuki' plants. Each

bed represents one replicate and is divided into ten plots fot application of

the harvest treatrnents.
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Table 4.1. Tirme of day of. hawesting and associated field ù æmperatures

and relative humidity for two crops of Chinese cabbage cv. Yuki' gfowlr at

Ovens Research Gntre, ùens, Vic.

1" Cnop

ì4arch 9,t999
2d Crop

Treatment Temp. oC RHo/o

1999

Temp. oC RH%

Moming

Mdday

Afternoon

Dr:sk

7.00 17.3

10.00 22.3

13.00 27.0

16.00 27.1

19.00 26.8

99

67

47

38

63

99

83

48

43

45

8.10 6.L

10.40 16.8

L2.45 20.3

t4.45 2L.5

16.50 17.9

The harvesæd cabbages, trimmed of wrapper leaves in the field, were paclad

into waxed candboa¡d caftons fitæd with polyethylene liners and stored either

immediaæly or afær a 30 minuæ dehy, at OoC ovemþht. One head from

each treatment was sampled to determine the relative water content' Three

leaves from each head - one outer' one middle and one inner leaf - were

weþhed before (fresh weþht) and after (dry weþht) dÐ/ing in a fa¡r-forced

oven set at 6OoC The percent relative water content was calculaæd as (fresh

weþht- dryweþht) + dryweþhtx 100.

Afær ovemþht storage, the heads had cooled to between 2" and 4oC The

carrons were then palletised and transported, within two dap, to The
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univenþ of Adelaide, \Øaiæ campus, un:brae, South Australia, in

refrigerated road transport. Temperatr:res during transPoft ranged between

2o and 8"C In Adelaide, the Chinese cabbages were placed in individual

perforated polpt$iene bags and stored, in treatment/replicaæ groups in

cartons at OoC Th¡ee cabbages per replicate from each of the æn harvest

treatrnents wefe l€moved from storage for postharvest evaluation at ?Êrc,

three, six, and nine weels.

4.2.L.2 Postharvest evaluation

Veþht loss, trimming loss, quality scol€s, chloropþil fluorescence

parameters, and energy substrate levels were deærmined according to

methods described in General lvlaterials and lvfethods, sections 3.2.L to 3'2'5'

Veþht loss and enefgy substrate levels were measwed only for the fint and

second crops, respectivel¡ becar.lse of restraints on tinæ and storage sPace'

4.2.1.3 Dat¿ analysis

All numerical, data were analped for variance (ANIOVA) as a three-way

factorial (han¡est time x holding period x storage petiod) using Gensizt 5,4ú

Edition for\furdows (Ir*t Agricuhurat Trust, IAC& Rothamsted). Qrulity

score data were not normally distribuæd and required transformation rsing

sqr¡arc roor ({{scorc + 0.5}) (Steel and Torrie, 1960). Differences in næan
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values between treatfnents and betq/een ston¡ge periods were deærmined

using the Iæast Sþnifica¡rt Differenc" (lSD) at the 5olo level

4.2.2 Head tenPeratures in fæId

For this e>çeriment, the tempeñltt¡l€s at various points inside and ou6ide

mânu€ Chinese cabbage heads were measufed using temPer¿$urc data loggen'

Three Chinese cabbage Plants cv. Yuki', of r¡niform size and maturity and

sin¡ated adjacent to each other, were selecæd in a croP grown at Viryinia,

South Ar:stralia. Each cabbage plant was fitted with five temPerarurc datâ

loggen firnyalk Temperature Datalogger, C'emini DaøI-oggen, UK), with

stab probes of approximately 8 cm anached Figu¡€ 4.2). Two probes wefe

irserted inside the cabbage head, one at the base and one in the centre' A

thirrd probe was placed under the leaves at the top of the head, a fourtù

inserted inside the midrib of a wrapper leaf, and a fifth was suspended 2 cm

above the ground, approximately2 cmfromthe cabbage plant (Figurc 4'5,P'

52), andwas shaded from direct sunlþht. Ioggen b"g* reconCing at 0.00

am on lvlay |L,2OOO and were removed from the plants at 11.00 am on lvfay

16,2000.
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Figure 4.2. Mature Chinese cabbage plants fitted with temperature data

logers.
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4.3 Results

4.3.1 Hanxst time and holding periad

4.3.L.L Fint crop

The fint crop developed tipburn and was infested with aphids shonly before

harvest, resuhing in poor quâIity heads. This, together with problems

encounter€d with data gathering during evaluation of cabbages from the fint

crop,lead to the resuks fromthe fint crop being reganded as preliminary.

The average relative water cont€nt of leaves from Chinese cabbages va¡ied

from 92.9o/o to 95.0o/o and was not sþnificandy affecæd by either the han¡est

times or the holding periods. Iæaves taken from cabbages harvesæd at dawn,

morning, midda¡ afæmoon and dr:sk had average relative water conænts of

94.2o/o,94.4o/o, 93.9o/o,94.60/o anð 94.2o/o respectively. I-eaves taken from

cabbages cooled imnædiately had an avenge rclative water content oL 94'5o/o

v¡hilsr those taken from cabbages held in the field for 30 minutes averaged

94.0o/o.

\üeþht loss incrcased with length of storage to a ma:<imum of. !.3o/o after nine

weels (Iable a.2). themædmumweþht loss recorded for an individual head

wrrs 4.5o/o and the minimum was 0o/o, a¡d this PaxaÍieter wäs not sþnificandy

affecæd by either the ha¡¡est times or the hotding periods. Cabbages
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han¡ested at dawn, moming, midda¡ afæmoon and dr:sktreatfrpnt times had

an âverage weþht loss of. 0.74o/o, 0.6!0/o, Q.47o/o, Q.65o/o, and 0.600/o

respectively. An average weþht loss of 0.630/o was reconded for cabbages

cooled imrnediaæly and}.S9o/o for cabbages held in the field'

Trimming loss ranged f.roml3.So/o to73.60/o across all treatrnents and storage

peti"&. The amor:nt trirrtmed from Chinese cabbages incrcased with the

increase in storage period from th¡ee to six weels and then remained coristant

until week nine (fable 4.2). No values for uimming loss at zero weels were

recorded. Average trimming loss for the harwest treatrrrcnts was 34.60/o for

the dawn hanrest, 3L.5o/o for the moming hanrest, 32.7o/o for the midday

harvest, 35.60/0 for the aftemoon harvest and 30.2o/o for the dusk han¡est.

Cabbages held in the field for 30 minuæs averaged 31.5o/o trimming loss and

cabbages cooled immediately averaged 34.3o/o. No significant effects were

recorded for either the har¡est times or the holding periods.

The quality of the stored Chinese cabbages decreased, as shown by the

increase in average quatity scol€s, as the length of storage P.ti"d increased

(fabte a.2). tlrre avenge scores for Chinese cabbages assessed at all storage

periods werc ou$ide the ma¡l'cable range (3 or below). Neither han¡est time

nor holding period sþnificantly affecæd the quality scores, with average

scor€s of.7.4,7.5,7.5,7.7 and7.3 recorded for cabbages harvested at dawn,

moming, midda¡ afæmoon ar¡d drsk respectivel¡ and an average score of

7.5 lor both holding period tfeatrnents. lvÍnimum and ma:<imum scores for
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individuâl cabbages were 1 and 28 (out of a possible 49), respectively. The

major causes of the deærioration in qualitywere the pllowing and senescence

of outer leaves and the development of ncts and postharvest disonden such as

gomasho and patchy paPery necrosis during storage.

Table 4.2. The average weþht loss, trimming loss and quality scores of

Chinese cabbage cv. Yulçi' from the fint crop stored at OoC for up to nine

weeks. Values al€ means of 90 cabbages (three rcplicates of 30 heads each).

Different letters within columns denoæ significant difference using ISD

e-o.os).

Storage period Veþht loss ("ô Trimming Ioss (o/o) Qualityscore'

0 weels n/aY

3 weels 24.4a s.4b

6 weelçs 35.eb 8.3c

9 weels 38.4b t2.0d

'S.oo, between O and 3 denote good (marketabþ quality and scores >3

denote poor (unrnarketable) quality. Daa were analped after traruformation

using squale root ({{score + 0.5}), with back-tra¡rsformed means shown.

"D"a were not recorded forthis storage period.

The readings for the ctrlorop$il fluorescence Paranreters Fm and Fv ranged

from t247 to 3982 and from 595 to 3761, respectively, and decreased

4.3a0.0a

0.4b

0.7c

1.3d
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significantly between thrce and six weels of storage and thereafter remained

relativelynnchanged (Iable 4.3). Daøf.or z¡ro weels were not available due

to equipment failure. Neither harvest time nor holding period sþnificandy

affected these parameæn. Average Fm readings for the dawn, moming,

midda¡ aftemoon and dr¡sk harvest tr€atrnents were 2645, 2930, 2787,2656

and2SÞrespectivel¡ and forthe 0 houn and 0.5 hor¡¡s holding periods were

2748 and 278t rcspectively. Average Fv readings werc 2059,229L,2L64,

2087, and 2t37 for the dawn, moming, midday, afternoon a¡rd dusk h¿rvest

t¡€aünents respectivel¡ atd 2lt5 and 2l8L for the 0 hours and 0.5 hor'¡¡s

holding period tr€atnrcnts respectively. Analpes of variance perforrrred on

Fo and Fv/Fm data were inconclusive due to alaqe arnount of variation in

the data Q5%o and 27o/o, respectiveli unaccounted for bythe treatments and

the e><perimenal desþn.
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Table 4.3. Average daøfor chlorophfl fluorescence Pa¡aÍrctels, Inarqmum

fluorescenc" (F*) and variable fluorescenc. F ), for chinese cabbages w.

Yuki' fircm the first crop stored at OoC for up to nine weels' Values are

næans of 90 cabbages (three rcplicates of 30 heads each). Different letæn

wirhin columns denote sþnificant differences using ISD (P4.05).

fluorescence pararneters

Storage period Fm Fv

3 weels 2976a 2407a

6 weels 27)eb 2096b

9 weels 2608b 1939b

4.3.L.2 Second croP

The relative water content of leaves from Chinese cabbages averaged between

94.7o/o and 94.8o/o and was not significantly affected by either the han¡est

times or the holding periods. Average rel¿tive water content of leaves frcm

cabbages han¡ested at dawn, morning, midda¡ aftemoon, and dusk were

94.8o/o,94.7o/o,94.8o/o,94.9o/o atd94.8ïo respectively. Iæaves frrcm cabbages

cooled immediatelyhad an average relative wâter content oÍ 94'9o/o and those

from cabbages held for 30 minutes prior to cooling, 94'7o/o'

Trimming losses v¡ere lower for this crop than for the fint, but as with the

first crop, losses inc¡eased significantly during the fint six weels of storage,
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and then remained constant, at about 25o/o, vñiJ'week nine (Iable a.a). Ttre

initial uimming loss of 160lo was mainlydue to damage of the outer leaves by

aphids. Individual trimming varied from a minimum of 0olo to a ma:<imum of

59.60/0. Neither harvest times nor holding periods sþnificandy affecæd

trimming loss. Means for ha¡¡est times ranged were 22.60/" for the dawn

hawest, 2l.7o/o for the moming hawest, 2L.3o/o for the midday hawe sT., 2L.6o/o

forthe aftemoon han¡est and2t.8o/o forthe duskhanrest. Gbbages cooled

imrnediaæly averaged 2!.5o/o, v¡hereas those held in the field for 30 minutes

averaged 22.LVo.

Table 4.4. theaverage trimming loss and qrulityscores of Chinese cabbage

cv. Yuki' from the second crop stored at OoC for up to nine weelçs' Values

are næans of 90 cabbages (th:ee ïePlicat€s of 30 heads each). Different letæn

within columns denote sþnificant difference using ISD (P-0'05)'

Storage period loss (o/o) Quaty score'

0 weels 16.2a 0.7a

3 weels 27.2b 1.6b

6 weeks 24.9c

9 weels 24.8c 3.6d

Z S.or=, between O and 3 denote good (marketabL) q""li"y and scorcs >3

denote poor (¡nmarketabL) qu"lity. Daa were analped afær tra¡rsformation

using square root ({{scorc + 0.5}), with back-transformed nreans shown.

2.5c
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The average quality scores of the stored Chinese cabbages increased

significantlywith an increase in tlre length of storage period (Iable a'5)' The

individuat scores for cabbages from the second croP werc lower than those

from the fint crop, rurging from O to 15, and average scol€s at 7Êto, three,

and six we'els were within the markeable range (3 or below). Only Chinese

cabbages assessed afær nine weels of storage were considered umarl<eable'

Yellowing of outer leaves and the development of parchy P^Wry necrosis

contribuæd most to the decrease in quality.
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Table 4.5. The average quâlity scores of Chinese cabbages cv' Yulçi' from

the second crop hanrested at different times during the day and kept in the

field for different periods prior to cooling and stored at OoC for up to nine

weels. Scores between O and 3 denoæ good (rnar}eable) qualiry and scores

X denote poor (unmarkeabþ qality. Flarvest time values are means of 18

cabbages (tt*. replicates of six heads each) and cooling delay values are

fneans of 45 cabbages (three replicates of 15 heads each). Different letæn

across rows denote significant difference trsing ISD e:0.05). Data were

analped after transformation using square root ({{score + 0.5}), with back-

transformed means shown.

Flarvest Thme C-oolios

Dawn Moming Mdday Afæmoon Dusk 0 houn 0.5 houn

0 weeks 0.8a

3 weels L.5a 7.5e t.4a

6 weels 3.la 2.La 2.la

9 weels 3.6a 3.6a 3.2a

0.7a 0.6A 0.84

L.4a

0.6a

2.2a

2.3a

0.6a 0.7a

4.4a 3.2a

1.6A l.7A

2.la 2.2A 2.8A

3.4t 3.7A

The qrulity scor€s were not affected sþnificandy by the han¡est times and

hotding periods (fable a.5). Quality scor€s for chinese cabbages from the

five harvest times and from the two holding periods were similar at each

storage period assessnænt and deterioraæd during storage at similaf rates'

C-abbages from all treaünents excePt the dawn han¡est time were still
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markeøble after six v¡eeks of storage. Cabbages from the dawn ha¡¡est time

were scored as ma¡tetable at tÏree v¡eels but were r¡nmarkeAble by six

weels, and scores for all h.*.ra tfeaünents indicate that the heads were

unmarketable after nine weels. Gbbages harvested at middayhad the lowest

overall averìage score at 1.8, vihereas those harvested in the aftemoon had the

hþhest 
^t2.4. 

Mean qualityscores for the holding period üeatrnents were 1.9

for cabbages cooled immediatel¡ and2.2for those held for 30 minutes.

Individual readings of chlorophyll fluorescence Pararneters Fm and Fv ranged

from924 þix weels) ro 4087 (zero weels) a¡rd from 37a (nne weels) to 3535

(zero weels), respectively. At with the fint crop, average readings decrcased

sþnificantly over tlre fint six weels of storage and then remained relatively

cofistant (Iabte a.6). Neither Fm nor Fv were sþnificandy affected by the

harvest treatfnents. Average Fm readings for the dawn, moming, midday'

aftemoon and dusk harvest times were 3238, 3095,3275,3LI7, and 332L

respectivel¡ a¡d for the O.O hours and 0.5 hours holding periods werc 3243

and 3t75 respectively. Average Fv readings of. 2484, 2433, 2647, 2470, and

2573 werc recorrded for the dawn, moming, midday, afternoon and dusk

harvest times respectivel¡ and 256t arrd 2482 were reconded for the 0 houn

and 0.5 hou:s hotding periods respectively. Resuhs from the other

ctrlorophl'll parameters measured, Fo and Fv/Frn, werìe unclear' with large

variations in the data QLolo and L9o/o respectivell) un'accounted for by

treaünents and experimental desþn.
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Table 4.6. Average data f'or chloropþ'|l fluorescence Parameæ$' nx¡ximum

fluorescenc. Fd and variable fluorescence F ), for Chinese cabbages cv.

Yuki' from the second crop stored at OoC for up to nine weels. Values are

næans of 90 cabbages (three replicaæs of 30 heads each). Different letten

within columns denote sþnificant differences using ISD (P4.05).

fluorescence paxarneters

Storage period Fm

0 v¡eels 3644a 3028a

3 weels 33Lsb 263sb

6 weels 2902c 2209c

9 weels 2976c 22L4c

There were no sþnificant differences between either harvest times or holding

periods in the arnounts of glucose, sucrose, and fructose in samples talçen at

zero weels from Chinese cabbages harvested at dawn, midda¡ and dr¡sk

(Figure 4.3). The average amount of glucose found in all samples for the

different har¡est treatnrents was approximaæly 198 *g.g t dry werght and

ranged from 11 *g.g t dryweþht in a corc sample to 32! ttg.g t drywerght in

a mid leaf sample. Sucrose levels averaged around 87 ,ry.g'dry weþht for

the harvest treaünents and ranged from less than 1 *g.g t dry weight in an

outer leaf sample up to 260 mg.gt dry weþht in a core sample. Fructose

levels ranged from 37 ry.g' drywerght in an ouær leaf sample to 246 *8.g t
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dry weight in a mid leaf sample, znd avetaged about 139 mg.g1 dry weight

across the harvest treatments.
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Dawn Midday Dusk

Figure 4.3. Concentrations of three sugars in middle leaf samples taken

ftom Chinese cabbages, cv, Yuki', han¡ested at different times during the day

and kept in the field for different periods prior to cooling. Harvest time

values afe meâfls of 18 cabbages (three replicates of six heads each) and

cooling delay values afe means of 27 cabbages (three replicates of nine heads

each). Different letters atop columns denote significant differences between

treatments using LSD (P=0.05)'
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The levels of the different sugars varied between sampling positions within

the heads €ig"." 4.4), but neither harvest times nor holding periods

significantly affected sugar cofiteflt at aÃy position. Glucose and fructose

levels were hþhest in leaves sampled ftom the middle of the heads, while

sucrose levels wete highest in the core. Glucose levels were lowest in the

cote, and fructose and sucrose levels wete lowest in the outer leaves. Total

sugat levels (glucose * sucrose * fructose) for individual samples ranged

frcm149 -g.gt dryweight to 629 mg.gt dryweight.

- 300nËtào 250
ëb€e zoo
E.S
ËË ßo
o
(J

F 100
Þ0

(t') 50

E Fructose
I I,SD

0

Outer leaf Middle leaf Inner leaf Core

Figure 4.4. Concentrations of thtee sugars in various tissue samples taken

from Chinese cabbages, cv. Yuki', ãt zero weeks. Values are means of 54

cabbages (three replicates of 18 heads each). The bars represent the least

significant difference G=0.05) be¡ween different tissue samples for each of

the three sugars,

I Glucose
I LSD

E Sucrose
I I.sD
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4.3.2 H e ad temperatare s in field

Recondings from tle tempenfure daa loggen on a qpical dny * shown in

Fig¡¡r€ 4.5, and for all five dap in Figurc 4.6. The temperaflÍe inside the

cabbage heads, at positions 1 and 2,was less variable than at the other th¡ee

positions rrreasured. Temperanues at positiors t and2 werc lower druing the

day arÅhþher at night, and reached their macimum and minimum levels laær

than æmpenrtures at the other positions. Assessment of the temPeraturc datâ

over time reveals that the tempemrurc fhrctuations at the different positions

varied and that the tlree cabbages test€d responded in the sÍüre way.
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Figure 4.5. Temperature fluctuations at various positions inside and outside

rnafilre Chinese cabbaç, w' Yuki', heads in the field over a2Lhour petiod.

Minimum and maximum temperatures for the same petiod, as recorded by

the Bureau of Meteorology weather station situated approximateþ 10 km

from the growing site, were 13'C and 22"C,tespectiveþ. Values are means of

three heads.
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4.4 Discussion

This experiment was desþned to determine if either harvesting Chinese

cabbages at different times of the day, or a delay in cooling the harvested

heads, would have any impact on their posthawest li[e. Two crops were

grown and han¡ested at different times during the season in ortder to attain a

range of climatic conditions during the application of the han¡est treaülìents.

The relative water content and enerry substraæ levels of leaves from the

harvested cabbages were rneasured to discover if the different harvest

treaüuents had any effect on water status or sugar levels. Dr:ring low

tempenrtur€ storage, trimming loss and q¡ality wel€ assessed at regular

intervals to find out if the storage life and rnarletability of the cabbages were

affected by the harvest tr€atÍ,.nts' chloropþ'll fluorescence was also

measured during storage to see if it could be used to detect tlre onset of

senescence. In addition, an investþation into the relatioruhip between air

tempefzrture fluctuations and the temPentu¡€ ißide heads of Chinese

cabbage was comPleæd.

The postharvest evaluatiors show that neither time of ðay of harvest nor e

half-hour delay in cooling affected the postharvest behaviour of the Chinese

cabbages. The relative water content data from both crops indicaæs that

these treatmenß did not influence the water stâtus of the har¡ested heads'

Neither crop had received water for at least th¡ee da;a prior to harvesting,
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increasing the likelihood of any temPeranue-related water stress to be

observed. In addition, relative humidity levels at the midday and mid-

aftemoon han¡est times were low, compared to those at the dawn harvest

time, adding to the probability of water stress at the later harvest times'

Gbbages from all harvest treaüllents had similar relative water content'

trunming losses, and overall qality despite ma:<imum variances in air

tempenture of up to 15'C between the harvest times. In addition, Itght

er?osur€ throughout the day had no influence on eitÏer chlorophfl

fluorescence or energy substrate levels. Similarly, harvested cabbages that

were left out for half an hour in the midday sun were no different, in the

pararrErers measured, than their neþhboun that werc transported

imrnediatelyto the coolroom afær harvest.

Field tempenrtur€ affeca t tryidity (Kader d ãI, 1974) and thus influences tle

susceptibfity of teafy vegeøble croPs to phpical damage druing harvesting

and handling Fh*, t987b). For this reason, it was e>çected that the leaves

of Chinese cabbages exPosed to wafm daytime têmperatures, such as those

ha¡¡ested at midday or later, would be less turgid and less likely to sustain

injurythan cabbages han¡ested earlier in the day. No evidence was found in

this studyto suppoft this, and the relative water content data suggest that the

water stâtus of the Chinese cabbage heads wäs not affected by field

tempeftttue. This could be dræ to the relativelymild maldmumtemPeÍttr'rl€s

of. 27.L"C and 2l.s.Cnot being sufficient to elicit a response. Iævin (1930)
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seß the thrcshold for high temPerature stress for hþher land plana at

between 45'C and 65"C

Thompson (1996) and rJ(/ills ddI (1998) suggest that lowerrespiration raæs of

heads harvested in the early morning would positively influence their

postharvest life v¡hen compared to Chinese cabbage heads hanzesæd laær in

th. d"y. However, no evidence was forurd in the Present snrdy to suPPort

this. Fhrvested chinese cabbages lapt in the field for half an hour prior to

cooling, even those harvested during the hotter times of th. d"y' did not lose

quâlity more rapidly than heads cooled immediately, contrary to the views

expressed byKader d dt (L974), Thompson (1996) and \fills d dI (1998). A

3Gminute delaybefore being cooled is a relativelyshort time q/hen compared

with the time required to cool the Chinese cabbages (over 24 hours) and the

Iength of time the cabbages sPent in low temPenttufe storage (up to nine

weels). It is unlilrely that sþnificaff harm could resuh in such 
^

comparativelyshort drne, even in commercial operations v¡lrerc longer delap

rnayh encountered.

The resula presented in this snrdyindicate that Chinese cabbage heads have a

mechanism that protecs against exPosure to hþh t€mPentufes. This is

supporæd by the in-field head tempeftItufe daø, which suggest that the

interior of the head is insulaæd against temPentufe extrefnes bythe ouær and

wrapper leaves. These leaves are exposed þ the surror:nding environment

and tleir temperature was found to fluctuate to the sarp or greater e)<tent as
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that of the air tempenrture. Therefore the wapper and outer leaves a¡e the

most likelypart of the Chinese cabbage to be affected byæmperatur€' Most

wrapper leaves and, depending on their condition, some of the outer leaves

wete removed v¡hen the cabbages wefe harresæd, and consequendy had no

influence on the posthanrest behaviour of the ¡emainder of the head that they

had previouslyprotecæd. The effect of the harvest tf€atments on the enerry

substrate levels and water sAn:s of the wrapper leaves is unknown, as they

were disca¡ded at harvest.

Friø and'$üeichmann (19SÐ found tl¡at t}re mãdmum temPeran¡r€ from 20

to 11 dap prior to harvest had some influence on the ma¡ketable quantity

(amount of head left aftertrimming and weþht loss) of Chinese cabbage afær

storage, afthough duration of storage was a more importa¡rt factor. In this

snrdy, the temperature was recorded only at the time of han¡est and was not

monitored f.or anyprior period. Kader û dI (1974) noted that cabbages may

be subject to solar injuryduring harvest and trarsport, alld that blistering and

desiccation of affected leaves mayincrease the risk of decay. No evidence of

either blistering or desiccation was observed in the assessed heads, as ñry

leaves that may have been affected were most lil"ly removed at harvest or

prior to storage.

Chloropþll fluorescence Paralneters, Fm and Fv, declined in value as tÏe

length of storage increased. This may be attributed to the degradation of

cþlorophyll in association with the onset of senescence. These Paranreters'
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however, were not influenced by exposure of heads to þht throughout the

day or darkness throughout the nþht. Toivonen (1992) found that Fv

Íreasurenrcn$ of broccoli declined during storage and that the value for Fv

was correlaæd with respiration and viamin C content. Toivonen (1992)

anributed the decline in Fv to the initiation of ctrloroplast deterioration

associaæd with water loss, rather than senescence, due to the lack of visual

yellowing or chlorosis of the samples. It is possible that chlorophyll

fluorescence rneasurernents could be rxed to deærmine the onset of

senescence in stored Chinese cabbage via eatly detection of changes in

c¡loroph;dl activity. In this sûrdy, however, not all chlorophl'll fluorescence

parafneters measured v¡ere r¡eful and those that showed some promise, Fm

and Fv, differed in value between the gwo croPs. More thorough

investþations would be required to identify meaningful parameærs and

appropriate measurenænt levels.

Glucose, sucrose, and fructose levels in various samples talçen from the

Chinese cabbages were the same regandless of the harvest t¡€aünents applied.

It was expected that energy subsuate levels v¡ould be hþher l¿ær in tht dty

due to excess photosynthates from the day's photosynthetic activity b"ittg

stored in the leaves (Zimmermarur, tg6g). This was not reflected in the data

and could be dr:e to the day's energygains being stored in anotherfonq such

as starch, rather tfian the tllee sugars measured. It could also be ttrat the

wrapper leaves of the cabbages rvere the mosr likely to be photosynthetically

acrive, b.itrg dark green in colour and more exposed to da/þht, and that
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translocation of newly manufacnrred enerry substrates from these leaves to

other parts of the head had not tzl<en place prior to harvesting, which

included removal of the wÏapper leaves. The distribution of the tluee suga:s

in leaves throughout the cabbage head is similar to that described by \Øang

(1933) q¡ho found hþher levels of glucose and fructose in leaves from the

interior of the head than in outer leaves. tff-g (1983) also noted that sucrose

levels were lov¡in all leaf samples.

The length of storage was a major factor in the posthawest life of the Chinese

cabbages. This is an imporant consideration for growen/v¡holesalen v¡hen

supplÉ€ local buyen or exporting to overseas marlçea. Trimming loss

increased with the increase in storage period due to the greater number of

outer leaves senescing or srrccumbing to microbial infeaion at wor¡nd siæs

over time. This also contributed to the deterioration in quality over the

storage period, as did the increase in the occufrence and severiry of

postharyest disorders.

4.5 Summary

The resuhs of this sûrdy show that the postharvest behaviour of the Chinese

cabbages was not affected either by the tirne of day vihen they were

hanresæd, or by the half-hour delay in cooling after harvest. This can be

explained bythe protective function of the wr¡PPer leaves that cover the head

and mitþate the stresses of field temPenûres. More importarrt facton in the
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posthan¡est life of Chinese cabbage aPPeaf to be the presence of field

disorden and ¡æsts, the length of storage time, and the development of

postharrest disorden v¡hilst in storage.
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Cbapter 5

5 THE EFFECT OF \øATER STRESS DURING

GRO\T/TH ON THE POSTHARVEST LIFE OF

CHINESE C"{BBAGE

5.1 Intnoduction

'water stress duing growth can affect quality characteristics of fiesh

vegeables at harvest $íeston and Barth, L997). Reduced photosynthetic

rates (]anoudi d dl, Lg93), the develoPnrent of the disorder, tipbum (Saure,

1998), and shortened shelf lif" 0Jøu- d dI,2OO2) have been associated with

water stress during growth. Flead formation in chinese cabbage is closely

linlcd to leaf nr:gidiry (I(uo ø dI, tg88), v¡hich is influenced by waær

availability, but hþh rainfall reduced the storage life of spinach ffolnson ø aI,

1939). Other stud.ies have for¡nd thæ qualiry panicuJarly in fruit, improved

after drought stress @eve rly a ol, t993).

In teafy vegeables, such as Chinese cabbage, the waær status of the leaves

inflnences the progress of senescence $-ipton, L987)- Friø and \Øeichmann

(19SÐ concluded that a completely nttgid state was favou:able for Chinese

cabbage storage, as tlis resulæd in lower weþht loss during stonge. Phan

(lg87a), however, suggesrs that leafy vegetables are susceptible to damage

q/hen nugid, and are best harvested and handled when their water status is
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lower. Gra¡rt A at QOOL) for¡¡rd that sustained water stress during growrh

affected the water status of pak choi at hanrest, but that inærmittent wat€r

stress did not.

'Water deficit stress, ato referred to as water stress or drought stress (I-evitt,

1980), in its simplest meaning is a stress imposed through a lack of water'

'!üaær stress in plants is ¡sudly measured by the soil moisture content in the

root z¡ne or bythe water Poteffiial of the leaves (Kramer, 1980; I-evitt, 1980)'

This study was conducted to investþaæ whether the length of possible

stonge, quality, water starus, or enefg)¡ substrate level of harvesæd chinese

cabbages was influenced bytemporarywarer stress during growth.

5.2 Materials and methods

Two crops of Chinese cabbage cv. Yuki'wer€ grown at the Ovens Resea¡ch

Gntre in Victoria, Australia. Each crop consisæd of three adjacent raised

beds containing two rows of approximaæly 54 plants each, giving a total of

324 plarts. Sowing and transplroti"g dates, and applicatiors of ferrjlizær,

insecticide, and heröicide were as described in Section 4.2-l (P.33). The fint

crop was harvested on lvlarch tO, tggg and the second croP wes ha:¡¡ested on

lvlay5,t999.
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5.2.1 Treatments

For the fint ttree weels after transphaittt, seedlings were irrþated nomr,ally

to facilitate plant establishment, receiving approximatelyT) mmof irrþation

and rain. For the remainder of the growing period, the cabbage plants were

subjected.to water strcss tr€atÍEnts applied via different irigation regimes.

Each of the raised beds was divided into three ploa, giving nine plots of 36

plân$ (F,gr* 5.1). Each plot was then randomlydlocated one of three waær

stress tr€atrrrcnts in a ra¡rdomised complete btoCk desþn, with the raised beds

representing the blocls and allowing for tluee replicaæs of each treaünent.

One tensiomeær (]et FillModel z725f\Soilmoisn¡re Equipnænt Coqp., Sana

Barbara, Gtifomia) was placed in the centre of each plot, approximately 30

cm from the closest cabbage plants, and with the poror:s tip of the

tersiometer at a depth of 10 crn
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Figure 5.1. Immature Chinese cabbage cv. 'Yuki' plants grorvn in taised

beds, representing blocks, divided into three plots. Water stress treatments

were randomly allocated to each plot in a randomised complete block desþ.
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'Süater stress treatrnents wer€ applied acconCing to soil moisture levels as

indicaæd bytensiometer readings and were as follows:

o No stress - plants rrþated q¡hen tensiomeær readings reached -35 to -40

kPq

. Moderaæ stress - plants irrþæed v¡hen tensiometer readings reached -55

to -60 kPa; and

. Fftgh stress - plants irtþated v¡hen tensiomeær readings reached -75 to

-80lçPa.

\7h.en the appropriaæ ænsiometer readings were reached, plots were inþaæd

to saturation (O lrPa) r:sing drip irrþation. Table 5.1 shows the amor¡nt of

water each treatment received via inþation during application of the

trearrnents as well as the aÍrount of rainfall during the same p.riod. Rel¿tive

humidityin tÏe growing region dr:ring the treatrr¡ent period for the fint crop

ranged from 5Oo/o to 7Oo/o in the momings and from 3)o/o to 50o/o in the

aftemoons. During the treatment period for the second crop, relative

humidity in the momings ranged frrcm 6Oolo to 9}o/o and in the afternoons

ranged from 4}o/o to 7Oo/o. rülrrhing of the outer leaves of Chinese cabbages

subjecæd to the hþh stress treatrnent was observed on sor¡æ occasioru prior

to irrigation.
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Table 5.1. The amount of water received by each crop from irrþation and

rainfall during application of waær stress treatments. Average maximum

tempenûres during the same period were 39'C and 31"C for the fint and

second croPs rcsPectivelY.

Amount of waær received

1" Crrop 2ú C-top

- No stress

- Modenate stress

- Ffigh suess

4t4.0

301.1

235.3

t22.3

94.1

23.5

Rainfall 73.5 80.6

All plots were irrþated to nea¡ satüation twent1afour houn prior to

hawesting to pfevent any water stress at har¡est confounding the treatment

effects. C,rops were harvested in the early moming, with harvesæd cabbages

packed into waxed car''dboard caftofis fined with polyethylene liners and

transporæd imrnediatelyto a cool¡oorrL set at OoC, for cooling and overnþht

storage. One head from each treatrnent was sarnPled to determine the

relative wat€r content. Three leaves from each head - one outer' one middle,

and one inner leaf - were weþhed before (fresh weþht) and afær (dty*tght)

drying in a fan-forced oven set at 6OoC The percent relative water content

was calculated as (fresh weight - dryweþht) + dryweþht x 100'
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The Chinese cabbage heads had cooled to between 2" and 4"C afær

ovemþht storage. The cartons wel€ then palletised and transporæd, within

two da1s, to The univenþ of Adelaide, 'waiæ campr.rs, tlnörae, South

Australia, in refrþerated road transPort. Air temperature within the load

d*i"g transport ranged between 2o and 8oC In Adelaide, the Chinese

cabbages were placed in individual perforaæd polyethylene bags and stored, in

treatment/replicaæ grouPs in cartons, at OoC Three cabbages per replicaæ

from each of the three water str€ss trcaünents wer€ removed fi,rcm storage for

posthawest evah:ation af 7ßro,three, sia and nine weelçs.

5.2.2 Postha¡'æst e'uluatian

veþht loss, trimming loss, q,ulity scol€s, chlorcph¡,ll fluorescence

parameters, and energy substraæ levels were determined according to

methods described in General lvfaterials and Methods, sections 3.2-1to 3.2.5.

Veþht loss and enerry substrate levels were measured only for the fint and

second crops, respectivel¡ because of restraints on time and storage sPace.

5.2.3 Døa anaþsis

All numerical, datz were analped for variance (A\IOVA) as a two-way

factorial (waær stress treatnrcnt x storage p.rioQ using Gens t:rt 5, 4ú Edition

for \ffrndows (Lawes furicuhunl Tn:st, IAC& Rothamsted). Quality score

data were not normally distribuæd and required tra¡sformation rxing squar€
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roor ({{scorc + 0.5}) (Sæel and Torrie, L96O). Differences in mean values

between treatrrcnts and between stofage periods were deærmined r:sing the

I-east Sþnificant Difference fiJD) at the 5olo level.

5.3 Results

,.3.1 First crop

The following resuks from the first crop are regarded as preliminary. This is

mainty due to tle poor condition of the ha¡vesæd Chinese cabbages car:sed

by the development of tipburn and an aphid infesation prior to han¡est'

Other contributing factors are problems encountered with data gathering

during the posthanrest evaluation of the cabbages.

The relative water content of leaves from the Chinese cabbages varied from

93.2Vo to 95.Lo/o and v¡as not sþnificantly affected by the water str€ss

treaünents. The average relative water contents for no stress' moderate st¡ess

and hþh strcss treatnænts were 9 4.3o/o, 9 4.Oo/o, and 9 3 .8o/o, respectively.

The amount of weight lost from the cabbages increased with the increase in

srorage period ro a rr¡ardmum of. !.4o/o after nine weels (Iable 5.2). The

rnar.imum weþht loss reconded for an individul head was 2.8olo and the

minimum was O.1olo. Veþht loss was not significantly affected bythe wat€r

stress treatrrents, with an average of' O-7o/o for each.
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The amorurt trirruned from Chinese cabbages to reach a marLet¿ble head

ranged from L4.5o/o to 63.30/o across üeatfirents and storage periods'

Trirrüning loss remained constant during the initial stages of storage, until

week six, and then increased with the longer stomge period of nine weeks

(Iabte 5.2). No values were reconCed for ûimming loss at zero weels.

Mcrobial infection of wound sites and the progressive pllowing of ouær

leaves during storage were rcsPonsible forthe increased trimming losses. The

water strcss treatfnena had no significant effect and the average üimrning

losses were 33.0o/o ,33.4o/o, arLd33.9o/o for the no stress, moderate stress, and

hþh stress treatrrrcnts, respectively.
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Teble 5.2. The average weþht loss, Uimming loss and qality scores of

Chinese cabbages cv. Yuki' from the fint crop stored at O"C for up to nine

weels. Values are nleans o127 cabbages (three replicates of nine heads each).

Different lemers within columns denote sþnificant difference using IsD

(P:o.os).

Storage period rü(/eþht loss (o/o) Trimming loss (o/o) Quality score'

0 weels

3 weeks

6 weels

9 weels

4.8a0.0a

0.6b

0.7b

t.4c

n/aY

27.4a

32.5a

40.4b

7.2b

L0.7c

11.1c

'Scor=s between O and 3 denote good (marl'reabþ quality and scores >3

denoæ poor (unmarkeable) qrulity. Daa'were analped afcer tra¡rsformation

using square root ({{score + 0.5}), with back-tra¡rsformed lIæaß shov¡n.

tD"ta wet€ not recorded forthis storage period'

The average quality scot€s of the stored heads increased, meaning that the

quâlirydecreased, as the L"grh of storage increased (fable 5.2). The average

scores for Chinese cabbages were above the marleable range (O to 3) for all

stonge periods. 'Water stress treatmenc did not sþnificandyaffect the quality

scores, with average scores of 8.3, 7.7, anð,9.4 fot the no, moderate, and hþh

stress treatnrcnts, respectively. The minimum score for an individual cabbage

was 1 and the mÐdmum was 23 þut of a9). The main car:ses of the decline
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itt qurlity were the pllowing of ouær leaves, the deveþment of rots at

wor.¡¡rd sites and postharvest disorden such as gomasho and parchy P Wr

necros$.

The readings for chlorophyll fluorescence Pamnæters Fm and Fv ranged

from 838 ro 4081 and 638 to 3452 respectively. Average values for Fm a¡d

Fv decreased sþnificantly d*i"g stomge (fable 5.3). Similarl¡ average

readings for chloroph/l fluorescence Panilr]etÉr Fv/Fm decreased over the

nine v¡eeks and individual readings ranged fnrm 0.369 to 0.868. 'Waær stress

treatments did not affect any of these parameærs, with averages of 3190,

3057, and3OOl for Frn,237t,2433 and2368 for Fv, and 0.74,0.79 and0.79

for Fv/Fm for the no, moderate and hþh warer srrcss treatments respectively.

Anal¡ais of va¡iance performed on Fo daø was inconch¡sive due to ala:q.le

afnount of variation in the data Q2"/) gnaccounted for bythe treatments and

the e4perimental desþ.
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Table 5.3. Average daøfor chlorophyll fluorescence Parameters, rnÍ¡xunum

fluorescenc. Fm), variable fluorescenc" (F ), and the ratio FvlFrr\ for

Chinese cabbages cv. Yuki' from the fint crop stored at O'C for up to nine

weels. valnes afe nreans of.27 cabbtges (three replicaæs of nine heads each).

Different leuers wirhin columns denote sþnificant differences rxing IsD

(P:0.05).

fluorescence paîanæters

Storage period Fm Fv FvlFm

0 weeÌçs

3 weelçs

6 weels

9 v¡eels

348ta 2867a Q.82a

3100b

3033b

27I6c

2368b

2353b

t974c

0.77br,

0.78ab

Q.72c

,.3.2 Second crop

The relative water content of leaves from Chinese cabbages ranged between

92.3Io and 96.60/o and was not sþnificandy affected by the water su€ss

tr€atfnents. The average relative water contents for no stl€ss' moderate stress

and high stress tr€atflrcnts were 94.9o/o,94.5o/o,and94.6o/o,respectirrely'

Trimming losses increased significantly with the increase in storage period

ioiti"llX fromzæroto three weels, and then remained constant' at about25o/o,

until week nine (fable 5.a). Overall, trimming loss was lower for this crop
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than for the fint. The uimming loss of !7o/o atzero weels was due mosdyto

damage of the ourer leaves by aphids. The amount trimrned from individr¡al

heads va¡ied from a minimum of. !L.6o/o to a mr¡ximum of' 40.6o/o. The water

stt€ss treatrr¡enß did not sþnificantly affect trimming loss with averages of

23.Lo/o,23.9o/o,and2!.5o/o forthe no stl€ss' moder¡te stress' and hþh stress

treaünents, respectively.

The average quality scores of the stored Chinese cabbages increased

sþnificantly with the incrcase in storage period from th:ee weels onwa¡ds

$able 5.a). Individual scores for cabbages from this crop ranged from 0 to

t2 anð were lower than those from the fint crop. Average scores at 7ßrc,

tluee, and six weels were within the ma¡ketable range (3 or below) and only

cabbage heads assessed afær nine weels were considered unmarlçetable. The

deterioration in qudity was mostly due to the pllowing of outer leaves and

the deveþment of patchypaperynecrosis during storage'
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Table 5.4. The average tfimming loss and quality scor€s for Chinese

cabbages cv. Yuki' from the second crop stored at O"C for up to nine weels.

Valræs are nreans of. 27 cabbages (rt*. replicates of nine heads each).

Different letærs within columns denote sþnificarrt difference r:sing ISD

(P:0.05).

Storage period Trirr¡n¡mg loss (o/o) QuAity score¿

0 weels t6.9a 1.0a

3 weels 24.4b t.5a

6 weels 25.tb 2.3b

9 weels 24.9b 3.6c

t S.oo, between O and 3 denoæ good (marlatable) quality and scores >3

denote poor (unrnarletabþ quatity. Data were analped afær transformation

r:sing square roor ({{score + 0.5}), with back-tra¡rsformed rrcans shown.

The qudity scores were not affected sþnificantly by the watÊr str€ss

treaünents (fabte 5.5). The qualiry of the Chinese cabbages was simila¡ at

each storage period assessnænt and deteriorated at simila¡ rates during storage

for each of the water strcss treaürænts.
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Table 5.5. Qutity scores of Chinese cabbages cv. Yulci' from the second

crop subjected to different levels of water stress during growth and then

stored at O"C for up to nine v¡eels. Scores between O and 3 denoæ good

(rnarketabþ quality and scores >3 denote poor (unmarketable) qrrality'

Values ar€ næans of nine cabbages (three replicates of three heads each)'

Data were analysed after transformation using square root ({{score + 0'5}),

with back-trarsforrned næans shown. Different letters across rows denoæ

sþnificant difference using ISD (P:0.05).

\Øaær Stress Treatments

Storage Period No Stress Moderate Stress FÍgh Stress

0 weels 1.0a 0.8a

3 weels l.3a 1.8a t.3a

6 weels 2.0a

9 weels 3.6a 3.3a 3.9a

Readings for the ctrlorophfl fluorescence Paranæters Fm and Fv ranged from

t7O9 ro 4O7t andfrom 1359 to3447, rcsPectively. As with the first crop,

average readings for Fm decreased sþnificantly over the storage P.fiod (Iable

5.6). Average values for Fv, however, only decreased fiom zero weels to

three weels and then remained constânt until the end of storage' 'Water

stress treatments did not affect either Fm or Fv, with averages of 3275,3255,

alnd 3447 for Fm and 2474,2478 and 2596 fot Fv for the no, moderate and

L.2a

2.4a 2.6a
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hþh stress rreauuenrs respectively. There were no significant differences in

readings for chloropþ,ll fluorescence pa¡anreter Fv/Fm between stonge

periods or between water stress tr'ìeatn¡ents. Average rcadings for the no,

moderate and hþh srress treatnrcnts for Fv/Fm were 0.77,0.76, and 0.76

respectively. Resuks from the chlorophyll Paranæter Fo were unclear, with

approximately3go/o of the va¡iation in the data unaccounted for bytreatments

and experinrental desþ.

Table 5.6. Average data for chlorophyll fluorescence Parameters,

ma:dmum fluorescence (F*) and variable fluorescence ffv), for chinese

cabbages cv. Yulçi' from the second crop stored at O'C for up to nine

weels. Values are nrcans of 27 cabbages (three replicates of nine heads

each). Different letters within columns denote significant differences using

ISD (P:o.os).

fluores cence pararneters

Storage period Fm Fv

0 weels

3 weels

6 weels

9 weels

359ta 2890a

338lab

3t54brj

3097c

25t4b

2324b

2334b
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The waær str€ss treatnænts did not affect the amounts of glucose, sucrose

and fructose found in samples talçen from Chinese cabbages from tlre second

crop at zero weels (Fig,rr.. 5.2). The avemge amount of glucose found in all

samples for the different water treatrnents was approximately L97 *g.g t dty

weþht and ranged from 85 *g.g t dryweþht in a core sample to 302 tng.g 
t

drywerght in a mid leaf sample. sucrose levels averaged around 75 mg.gt dry

weþht and ranged from less than 1 -g.g 
t drywelght in an outer leaf sample

up to 243 *g.g t dryweþht in a core sample. Fructose levels ranged from 56

*g.g t dqf weight in an ouær leaf sample to 232 -g.g 
t dry weþht in a mid

leaf sample, and averaged about t42 mggr dryweþht across the water stress

trcaünents.

The levels of the different sugars va¡ied between sampling positions within

the heads F gt* 5.3), but water stress treaünents did not sþnificantly affect

sugaf content at any position. Glucose and fructose levels were hþhest in

leaves sampled from the middle of the heads, while sucrose levels were

hþhest in the core. Glucose levels were lov¡est in the core, and fructose and

sucrose levels were lowest in the outer leaves. Total sugar levels (glucose +

sucrose + fructose) for individual samples ranged from2h6 tttg.g 
t drywerght

to 526*g.g t dryweþhr
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Figure 5.2. Concentrations of three sugars in middle leaf samples taken 
^t 

zeto weeks

storage ftom Chinese cabbages cv. Yuki' subjected to watet stress treatments during

growth. Values a^re means of nine cabbages (three teplicates of three heads eaÐ and

different letter atop columns denote significant differences between treatments using LSD

€=0.05).
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Figure 5.3. Concentrations of three sugars in various tissue samples taken from Chinese

cabbages cv. Yuki' at zero weeks. Values are means of 27 cabbages (three replicates of

nine heads each). The bars represent the least sþifrcant difference G=0.05) between

different tissue samples for each of the three sugars.
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5.4 Discussion

In this experiment, intermiuent water stress was applied to growing Chinese

cabbage plants to ascertain v¡hat effects, ú ury, this mþht have on tle

posthan¡est behaviour of the cabbage heads. Measu¡ements of relative water

content, weþht loss, trimming loss, qualit¡ cþloroph;'ll fluorescence, and

sugar cont€nt were made to comPar€ the three levels of water stress

treatrnents applied.

No differences were found between water stress treatrnents in the relative

warer conrent of the Chinese cabbage leaves imrnediaæly afær har¡est. It is

possible that irrþation of the Plânts 24 hours prior to harvest negated any

effects the treatmenc had on the water content of the cabbages. Yang and

Zhry $g92) found no difference in head moisture content of greenhouse-

grown Chinese cabbages harvested uP to 15 days after the cessation of

watering. Gra¡rt d dI QOOL) found that a single six-dayperiod of waær stress

during growth, followed by full watering for up to 10 dap, did not affect the

relative weter content of harvested pak choi. However, sustained water stress

of the pak choi plants for six weels throughout the growh period resulted in

lower relative water content at harvest.

Veþht loss of Chinese cabbages from the fint crop during storage was not

affected bythe warer srress treaüÌEnts. Iævitt (1985) found that acclimation

of deached cabbage leaves to water deficit conditions increased their
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tolerance to deh/ration, most lilaly due to stomatal conffol of waær loss,

osmotic adjustment and other turlmown factors. Potted miniature roses

produced wrder water stress conditions took longer to wilt r:nder adverse

post-producrion conditions than optimallywatered control Plânts (tüfrllianæ ø

dI,2OOO). This suggests that Chinese cabbage Plants subjecæd to water str€ss

during growth could produce heads that would lose less water' the major

factor in weþht loss during posthawest storage' than heads from plana that

were fullywate¡ed. As no differences were observed in the crurent sttrd¡ it is

lit<elythe warer süess rreatments applied were not sufficient to acclimatise the

Chinese cabbage plants to adverse conditions. This mayalso e>rplain the lack

of effect on trimming loss, with leaves from srr€ssed and non-stressed heads

*il.i"g and senescing at similar ntes.

Quality scot€s for the Chinese cabbages were unaffecæd by the waær stress

treaünents. In a study of the effect of water stress on the postharvest quality

of broccoli, \Øur d dt QOO2) found that water stress applied at different

stages of growth affected differcnt shelf-life characæristics. 
'Water stress

applied early adversely affected stem tulgor' head colour, bud elongation and

floret looseness, whfüt str€ss imposed close to matufity resulæd in betær

head colou¡ and stem hx€or than control heads. Gra¡rt d aI Q00t) for:nd no

difference in shelf life between water stressed and control pak choi, ahhough

leaves of the stressed plants were greener in colour at hâlt¡est.
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'Water stress resuhs in reduced photos;tnthetic activiry of leaves' with the

effect attribuæd to stomatal closure as well as metabolic and turgor related

factors (Lævin, 1980; Janoudi d aI, tg93). No evidence was for:nd in this

study to suggest that water stress affects the chloroph/l fluorescence of

chinese cabbage leaves either afær ha¡vest or during storage.

Janoudi d at (1993) found much hþher concentrations of sucrose in leaves

from water strcssed cucumber Plants than well-watered plants. No such

differences in sucrose levels were found between leaves t¿ken fncm water

sUessed and those talren from non-water stressed Chinese cabbage plants in

the current study. Nor were any differences for:nd in tåe concentrations of

glucose and fructose between water stfess trcatnænc. Similarl¡ inærmitænt

warer stress during growth did not affect levels of glucose, sucrose' or

fructose io pak choi leaves (Grant d dI,IOOL), and ratios of these three sugan

are similar to those found in irurer leaf samples of Chinese cabbage.

Kuo ø aI (19SS) found that heat tolerant Chinese cabbage cuhivan had some

form of drought avoidance mechanisrr¡ such as thiclçened leaves, low

stomaal numhrs, exænsive root grovth, md hþh leaf sap electrical

conductivity. Even though the cuhivar, Yuki', r:sed in this snrdy is not

known for its heat or drought tolerance, it is possible that the cabbage Plants

utilised one or more of these mechanisms to alleviaæ any water str€ss

experienced as a resuh of the tr€at¡nents. No investþation into the presence

oruse of such mechanisms was made d*i"g this snrdy'
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In a study of dehÊration and drought resPonse of cabbage (Brassiø' deraeø

vat. cøpitaa) leaves, levin (1985) found that vzhen )¡oung cabbage plants were

warer srressed, the older leaves wihed, shriveled and abscised first whilst the

younger leaves stapd nugid. Iævia (19s5) hypothesises that the older leaves

rnay acf as a source, transporting water and solutes to the )Dunger leaves

during drought conditions. The oldest leaves of the rnature Chinese cabbage

plants used in this investþation were the large ulxaPPer leaves surror:nding the

head. The effects of the water stress tr€atrnents on these leaves we!€ not

determined as they were uimmed from the head and disca¡ded during

harvesting. In experiments described in Chapter 4 the wraPPer leaves were

found ro prorecr the head from tempeftrture fluctuatiorrs in the field, thereby

atteviating the possible effects of temperature stress.

The length of storage is an important aspect of the postharvest life of Chinese

cabbage cv. Yuki'. Veþht loss, trimming loss and qualityscores of cabbages

from both crops all increased, to varying degrees, during storage. Yellowing

of outer leaves and the development of postharvest disonders dufing storage

were the main causes for the increases in trimming loss and quality scol€s'

C-omparison of the resuks from the two crops shows that the condition of the

cabbages being placed into storage also influences their storability. Trirnrning

losses and quality scores from the first crop were much hþher than those

from the second, and trimming losses at three, six, and nine weels for

aøpø 5 - Tl" Efæ {v/'aer støs dtairy@øh qt tlæ Pøtwst Liþ {aiße calfug? 84



cabbages from the second croP wer€ stâtic' v¡hile those from the first crop

increased as microbial infections developed at preharvest woutd siæs.

5.5 Summary

This study has shown that æmporary water str€ss eïPerienced during plant

grovnh does not affect the postharvest behaviour of Chinese cabbage. This

could be due to the plant's ability to either ¡€cover from any adverse effects

upon r€watering, oruse sofrrc tyPe of mecha¡rismto tolerate the l¿ck of waær.

It is possible that only the older leaves of the Chinese cabbage plants were

affected by the water süess treatnænts applied, leaving the head unimPaircd.

The initial condition of the Chinese cabbages and tlre L"gth of storage are

important factors influencing the postharvest outcorrre.
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Cbapter 6

6 THE EFFECT OF STORAGE TEMPERAÏURE ON

THE POSTHAR\¿EST LIFE OF CHINESE

CABBAGE

6.7 Intrroduction

Storage at lowtemperature is an imporAnt part of prolonging the postlawest

life of fiesh produce. Lowtemperaflres can reduce moisnue loss, respiration

rate, ethylene production and sensitivity, and the grovnh of pathogens

(lvfitchell, t992a). Akhough ea¡lier studies (Flansen and Bohling, 1981;

Gajewski and Stapski, L9g4) showed that Chinese cabbage ca¡r be stored for

long periods at low tempefirtur€s, some cultivars aPPear to store better than

others, for example 'Treasure Island' storcs bener than "sfß. Green 60'

(Ap"lr"d, L984b; Daly and Tomkins, t998), and storage æmperatures of

around OoC can car:se chilling i"jqf i" some cultivars.

Chinese cabbage cv. Yulçi' was chosen for this sudy because it produced

high yields, was tolerant to gomasho, and had a hbh lærcentâge of markeable

heads after storage in production and storage uials caried out in Victoria,

Arstralia (I)"ly and Tomkins, t998). Three sror,age temperanres, 0oÇ 2oc

and 20'Ç were r:sed to examine the differences in postharvest phpiology at
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ambient and cool storage temPentur€s. The lowtemperanues, O"C and2"Ç

were also chosen to investþate the role of low temPemturc in the

deveþment of a disonder described and named Patchy P^Wry Necrosis

(PPl.Ð byDalyand Tomkirs (1993) that is often seen in cv' Yuki''

6.2 Materials and methods

Chinese cabbages cv. Yuki'were grown at a market garden in Virginia, South

Australia using commercial growing practices. The e>rperimental area

consisted of a raised bed containing two rows of approximately 360 Plants

each. lvlatu¡e Chinese cabbages were harvested mid-season over tlr:ee dap,

on lvlay 29 and 31 and Jufrre 2,2OOO, with cabbages harvesæd on each daæ

representing one replicate. Based on results Prcsent€d in Chapter 4, no

specific time of the daywas selected for harvesting.

The harvested cabbages were pacfted into wa:red candboard cartons in the

field and transported to the \Øaiæ Camprx of the Univenþ of Adelaide

within three houn of han¡est. Upon a¡rival' the cabbages wer€ randomly

allocated stomge temPerature trcatments' either O'q 2'q or 20oÇ and were

placed in the appropriate controlled tÉmPerature roorrl Chinese cabbages

stored af 2O"C were placed immediately into individuat perforated

po\æthylene bags to slow down moisture loss, whfüt cabbages stored at the

lower tempenúures wer€ left unbagged for 24 houn to faciliaæ cooling'

Cabbages from the different han¡est dates (replicates] were stored in separate
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caftons in each controlled temPentrufe roon:. On the day of harvest, five

cabbages were ra¡rdomlyselected from each replicate and sampled for weþhq

trimming loss, presence and severityof disorrden, and overall quâtity.

6.2.1 PostbanBst ecnluatian

Chinese cabbages werc stabilised at their stonge temPeraû¡r€ (24 hours at

2O'C and 72 ho',¿ts at Oo and 2'Q before colruIrencement of the study.

\üeþht, respiration rate and ethylene production were nËasrr€d fiom five

cabbages per replicate Per stofage temPerature at inærvals of. zæto, one' two'

and three weels for 20"Ç or 7ßtorthree, six, and nine weels for Ooc or 2"c

fu tlre same inærvals, a further five cabbages from each replicaæ/trcatnrent

combination were destructively sampled to determine trinurling loss,

disorrders and quality. All postharvest evaluatiolr were deærmined as

described in General lvfate¡ials and Methods, sections 3.2.7 to 3.2.3,3.2.6 and

3.2.7.

During quality assessÍEnt, the occurrence and severity of symptoms of the

disonder Patchy P"p.ry Necrosis (PPl$ were reconded. Severity of the

symptorns v¡er€ rated either 1, indicating no symPtoms' 2' indicating mild

symptofns, 3, indicating moderate symPtoflls, ot 4, indicating sevefe

symPtoms.
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6.2.2 Datø anaþsis

All numeric d. daø, apart fiom quality scores and PPN severiry scol€s' were

analysed as a tweway factorial (temperanue x storage period) using the

General Analpis of Variance re$ (AI\OVA) in Genstat 5, 4ú Edition for

\ffrndows þwes Agricuhuãl Tnrst,IAC& Rothamsted). Qualityscorcs and

PPN severity scores were comPared using næans and standard erors' The

orperiment was ser up as a Randomised complete Block desþ, with the

han¡est dates (replicates) as blocls and cabbages harvesæd on each d¿te

randornlyassþed to temPeftûur€ tfeatn¡ents and storage Peri"d' Differences

between O"C and 2oC temperature treatnrcnts and between storage periods

were determined using the Iæast Sþnificant Difference (ISD) at the 5olo level.

6.3 Resuls

Table 6.1 shows the data for the effects of storage time on respuaUon rate

and eth/ene production of the Chinese cabbages. The sþnificance' or

otherwise, of within-treaunent effeca is indicated. There were significant

differences between storage periods for respiration mte at all tempenflrres

and for ethylene production atzocand 20'c For individr¡al cabbages stored

at the lower tempenlntres, respiration nrtes ranged from 0.4 to 1.5 mL

Cor.kg-l.hfl and eth/ene production ranged from 1.0 to 55.8 ol.Lg-t.ht-t,

v¡hilst ñ 2loçrespiration nrtes ranged from 11.6 to 37'l rnL Co2'kg-1'hr-1
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and ethylene production ranged from 45.6 to 7439 ol.kg-t.hf 
t. At the lower

tempeñtturcs, the respiration nrte of the cabbages decreased slowly over the

storage period v¡hilst ethylene production was relatively coruønt up to six

weels f.or 2"Cand nine weelçs for OoC The data for 0"C and 2"C àt 7ßrc

weels were r:nreliable and were therefore excluded from the analpis' The

rates of respiration and etlryiene production of Chinese cabbages storcd at

2OoC were hþher than those for cabbages stored at tle lower tÉmPerTltul€s.

Ar 2O"C both respiration and ethylene production decreased sþnificandy in

the fint week but increased again to be at their hþhest level afær three weels'

The analpis of variance of between-tfeatÍEnt effects showed there were no

sþnificant differences between OoC and 2oC fot respiration raæ and for

etþiene production druing the nine weel¡s of storage (P>0.05)'
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Table 6.1. Rate of respiration and ethylene production of Chinese cabbage

cv. Yuki'during storage at three different temPenn¡res. Values are means of

15 cabbages (three replicaæs of five heads each). Different letærs within

columns denote sþnificant differences between stonge periods using ISD

(P:0.05).

Respiration rat€ (mL @z.k t.t" ) Ethytene production (tl-.kg t.to)

00c 2"C 20"c 00c 2"C 20"c

0 weels z 18.1c 486bc

L week 8.la L60a

2 weels 11.8b 318ab

3 weels 0.8a !.la 23.6d 2.6a 3.8a 7t8c

6 weels 0.7b 1.0ab t.6a 3.5a

9 weels 0.5c 0.eb 5.2a 14.0b

'V.I,r., not available due to problems with sample gathering and detection.

Sþnificant differences in weþht loss were for:nd between storage periods at

each of the temperatures (fable 6.2). tüleþht loss incrcased with the increase

in storage time. \X/eþht loss of individual cabbages stored at' 20"C ranged

from a minimum of. O.go/o to a rr¡aximlrn of 8.1olo, and for cabbages stored at

OoC and 2oC ranged from}.2o/o to 2.8o/o. Cabbages stored at2}"Cfor three

weels lost about 10 times more weþht than cabbages stored for the same

period at OoC and 2"Ç but weþht loss between the two low temperanue
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treatments, for companble storage periods, was not sþnificandy different'

Trirnrning losses ar OoC and 2O'C increased initialty and then sabilised whilst

trimming losses at2ocincreased sþnificandyduring the storage period (fable

6.2). Trimming losses were hþh after one week at zO"Cn almost half the

initial weþht. By three weels cabbages stored 
^r 

2O"C wel€ so severely

infected by a postharvest bacterial pathogen that it was not possible to trim

them to markeable quality and uimming losses wel€ not calculated'

Trimming loss for individuâl cabbages rarged fromt4.4o/o prior to storage uP

to 62.60/o afterthree weels at 20oC'
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Table 6.2. \\eweþht loss and trimming loss of Chinese cabbages cv' Yuki'

at various intervals during storage at tt¡fee different ternPeratures' Values are

næans of 15 cabbages (three replicates of five heads each). Different letter

within columns denote significant differences between storage periods using

rsD (P:0.05).

'Weþht loss ("/ù Trimming loss (o/o)

ooc 2"C 20"c 00c 2"c 20"c

0 weeks 0.0a

l week

9 weels 1.6d 1.3d

0.0a 0.0a 28.6a 28.6a 28.6a

1.Sb

4.0c

47.2b

46.4b

z

2 v¡eels

3 weels O.7b O.5b 5.6d 43'6b 35'7b

6 weels 1..1c 1.0c 3S.Sb 4t.eicr'.

42.4b 43.5c

'Thir ,r.Lte wâs not obtained, as Chinese cabbage heads could not be

trimmed to a marlcable standarrd.

The quality scor€s increased, that is the quatity decreased, over the storage

periods for all three tempeñrtur€s (fable 6.3). The qualiryof cabbages stored

ú2}"Cdeteriorated to show an average qualityscore oÍ. 4.92, indicating poor

quâtiry, after two weels. In general, cabbages stored at the lower

æmpentures were assessed as below avenlge quality after three weels,

akhough scor€s were vari¿ble. Resula of PPN assessnænt show that six
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times morc cabbages were affecæd at OoC than at 2"C and that symptoms

were twice as severe (Figpres 6.1 and e.2). Symptoms Prcsented as brown

discolouration and necrosis of leaf tissue between veiræ, rsrully near the

midrib of the Ltf (F gt". 6.3, P. 96). Only one or two irmer leaves showed

symptolns in mild cases but in severe cases large numben of leaves

throughout the head were affecæd. No PPN was observed in cabbages

stored at 20oC.
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Table 6.3. The average quâlity scoles of Chinese cabbages cv. Yuki' at

various intervals during storage at thee different temPeftful€s. A score of 1

indicates good quality, X indicates unma¡ketable quality, and 5 indicates Poor

qualiry. Scorcs are nreans of 15 cabbages (thlee replicates of five heads each)

plus orminus the sønda¡d eror.

Qualityscore

00c 2"C 20"c

0 weeks

1weelçs

2 weels

3 weels

6 weels

9 weels

1.53 + 0.13 1.53 + 0.13 1.53 + 0.13

3.33 + 0.23

4.92+ 0.08

z
3.27 + 0.27 2.60 + 0.34

3.73 + 0.30 3.20 + 0.33

3.00 + 0.12 3.00+ 0.26

''lhi, ,.or= was not obtained due to the deteriorated condition of the

cabbages at that time.
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Figure 6.1. The percent occuffence of the disorder, Patcy Papery Necrosis, observed in

Chinese cabbages cv. 'Yuki' during low temperature storage. Values are meâûs of 15

cabbages (three teplicates offive heads each) and bars represent the standard error.
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Figure 6.2. The sevedty scote of the disorder, Patchy Papery Necosis, observed in

Chinese cabbaçs w. 'Yuki' duting low temperature storage. A score of 1 indicates no

symptoms and a score of 4indicates severe symptoms. Values af,emeaûs of 15 cabbages

(thtee replicates of frve heads each) and bars represent the standard error.
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6.4 Discussion

This experiment aimed to examine the effects that different storage

tempentures could have on the postharvest outconæs for Chinese cabbage

cv. Yuki'. The use of t}¡ee storage t€mperanu€s, 0"Ç 2"Ç and 20"q

allowed comparisors to be made between cold storage, as used during long

tenn storage or export, and non-refrþeraæd storage' as r:sed for the fiesh,

domestic markets. C-omparisons between the two low temperanrres, OoC and

2oÇ were useful in deærmining the optimum storz¡ge temperanre and

v¡hetherthis cukivarwas srxceptible to chilling i"i"ty'

An investþation of the respiration rates of Chinese cabbages stored at various

rempemru¡es by Daly and Tomkins (1993) reported raæs of approximaæly 2

mL Cq.kgl.hr-l at OoC and 3 mL @r.lg-t.htl at 3"C after six weels

. storage. In comparison, rates recorded in this sfl¡dy for cv. Yuki' afær six

weels srorage were approximately 0.7 and 1.0 rnl CO2.kg-1.H1 for OoC and

2oC respectively. This difference msht be due to variation between cuhiva:s.

In this investþation, respiration rates of between 8 mL Co2.kg-1.hr't (ot"-

week storag.) .nd 23 nL Co2.'kg-1.hft 1tht .-*"ek storage) were found at

z}"Cnahhough the hþher nrre was most likelyinfluenced bythe pathologicd

deterioration of the cabbages.
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The resuhs show that cuhivar Yuki' produces very litde ethylene during

storage. At 2O'C rates of ethylene prcduction ranged from 160 to 690 nL

qrro.t g 
t.tlr t, 

",hi.h 
is classified as low for vegeables byKader (1992b), and

even the hþher value is probably be e:<aggeraæd due to pathogen infection'

Etþiene production nrtes at OoC and 2oC were considerablylower tlu¡r those

for 2OoC and the increase detecæd at nine weels is most lilalydue also to the

action of various fungal and bacterial pathogens (Kader, t992b). Even at low

levels, ethliene is known to promot€ senescence (Mlls a aI, t999), and

increased levels of production would quiclen deærioration and shoræn the

postharrest li[e.

The Chinese cabbages lost weþht during storage at all three temPentur€s

ahhough the amount lost at the lowtemperaûu€s was small compared to that

lost at 2O"C After nine weels storage at OoC artd 2"C cabbages had lost

approximaæIy !.So/o,but after thrce weels ú 2Oo they had lost only 5.60/o of

their orþinal weþht. 'Water loss is a malor factor in weþht loss, and storing

the individual cabbages in perforated plastic bags iræide wa;red caftons m¿y

have contributed to the low results by reducing moistr¡re loss. Daly and

Tomkins (1998) found the r:se of plastic cafton liners reduced weþht loss of

Chinese cabbages stored at various temPeraturcs, on average rby91o/o.

Trimming losses increased itriti"lly during storage and then søbilised. Insect

darnage and the presence of tipbum on outer leaves at hañ¡est resuhed in the
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high infuial values. To attain markeable quatity later druing storage' it was

necessafy to increase tfimming because of wilting and yellowing of ouær

leaves and pathogen infection at v¡ound sites. At 20"Ç it was not possible to

produce marl¡etable cabbages by trimming afær three weel¡s. The

development of rots and the *iltittg and yellowing of ouær leaves, were

delalæd at the lower storage t€mPenttwes.

The qualityof the stored cabbages deterioraæd over tÏe stonge periods at all

tempeftltues. Initial qualityscores were influenced byprehanrest facto¡s such

as the incidence of tipbum and pest damage. The decline in qualiry of

cabbages stored at 2OoC was due mainly to pathogen infection and

senescence-related factors such as F[owing and wilting. The deveþment of

PPN during storage advenely affected the quality of cabbages stored at OoC

@igufe 6.3). At 2"C cabbages were less severely affecæd by PPN and the

decrease in qualityat this storage temPeftûre was influenced more bywilting

andpllowing.
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Figtrre 6.3. Trimmed Chinese cabbage cv. Yuki' showing symptoms

(rndicated) of Patchy Papery Necrosis on leaves after storage at 0'C for nine

weeks.

Daly and Tomkins (1998) reported severe wilting for cv. Yuki' stored fot 40

days in normal ur at 0"C and 3oC, compared to low wilting for heads stored

in high humidity at the same temperatures. In a study by Gajewski and

Skapski (1,994) good quality scores were reported for cultivars Yoko' and

T{anko' after storage at OoC to 2oC for 72 eks, but only after the heads had

been trimmed. In the same experiment, approximately 35%o of heads were
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considered unmarletable after the storage period and undefined natural losses

of up to !6.80/o werc recorded.

The occurrence and severiry Pafi€m of PPN at different temPenrnrrcs

suggesrs that this disorder is a form of chilling i"j"ty. No PPN was for:nd in

cabbages imrnediaæly after harr¡est, but it had developed afær thrce weeks in

low æmperature storage. Gbbages stored at 2O"C werc not affecæd at alt

v¡hilst cabbages stored at O"C were rnore severely affecæd than those stored

ú zoc The symptoms observed here arc not the same as those rePort€d

elsev¡here for chilling injuryof Chinese cabbage, most commonlydescribed as

brown midribs (Apelând, L984a; Daty and Tomkins, 1993). They do,

however, fit the general visual syrnPtorns of chilling i"j"ty in horticulnral

crops, that is, inærnal discolou¡ation and breal¡down of tisstæs (Mooit, t982).

Glt membranes and meabolic fimctions are affecæd by chi[ing and the

resukant changes eventually lead to cell death @ramlage and lvleir' 1990).

Apeland $98aa) observed chilling i"i"ryin Chinese cabbage stored for more

than 45 dap at tempen$ures of OoC and 2.5'Ç and reporæd that the critical

temperanue va¡ied between cuhiva:s. In a studybyDalyand Tomkins (1998)

th¡ee cuhiva:s out of seven, 'FIector', Tiasumi II' and Yuki', developed PPN

after storage for seven weels at OoC In the same study'FIectot', Ka.sumi II'

and another cuhivar, TIR Green 60', also developed the brown midrib form

of chilling i"juty.
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6.5 Summary

The resuks indicate that Chinese cabbage cv. Yuki' can be stored for a

rnüimum of six weels at 2oC Yuki' exhibited modest rates of respiration,

etlry{ene production and werght loss at OoC and 2'C Trimming losses werc

high but wefe caused mainly by the less than perfect condition of the

cabbages at harvest. This also influenced th. q""lity scor€s' as did the

development of PPN. Considering the differences in occurrence and severity

of this disorder between OoC and 2"C rt is clearly a form of chilling i"j"ty.

Apan from PPN little or no differences were found between OoC and 2oC

indicating that this cukiva¡ -lght store just as well at temPenû¡r€s hbh

enough to exclude chilling itjuty, such as 3o or 4oC A li-iting factor to

postharvest storage appears to be the development of rots, which in this

study were exâceröated by th. Presence of wound siæs car:sed by field pests

and disorden. The differences in resuhs between 20"C and the two low

tempemtures reinforce the importance of rxing appropriaæ low storage

tempentur€s to delay senescence and the onset of rots, and to lengthen

stonge times for Chinese cabbage.
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Cbapter 7

7 THE EFFECT OF \TOI-]NDING ANTD 1-MCP ON

THE POSTFIARVEST LIFE OF CHINESE

CABBAGE

7.1 Inûoduction

phpical damage of han¡esæd produce is a major cause of posthanzest losses.

Injuries sustained during and after harvest can increase respiration, ethlilene

production a¡d water loss, provide sites for pathogen infection, and car:se

unsþhtly blemishes and discolouration (K")o, L99L; Kader, L992b;

Thompson, t9g6). Most injuries occur during poitharvest handling, that is,

during sorting, packing, transPortâtion, storîage and prepa:ztion for marLet,

and commonly include cuts, Puncfllres, bruising, splits or cracls, abrasions,

and deformation.

Flandling practices that lead to injuries in Chinese cabbages are dropping or

throwing of heads into piles or bins, overloading of containen, pallets or

trucls, and trimming off damaged orsenescing leaves. In an assessment of

postharvest handling systems in Eastem-central china, \Ø*g and Bagshaw

(2OOÐ noted that most damage to Chinese cabbages occurred dufing

vrebhing and loading at local collection centres. In Australia, injuries a:e

Aqø 7 - The Efæ {Vørdiryad 1-M@ ont}æ Pat}wst Life {Aiße Alhg 103



more likely to ¡esuk from rough handling and overloading of cartons during

transport to markets.

Et$iene is a gaseous plant hormone that is involved in many Processes'

including growth regulation, fruit ripening, leaf abscission, chlorophfl

degradation arid senescence (Abeles et dI, t992). It is produced by all

vegetative fnâtter, even afær harrest, and may be effective at levels as low as

5.0 nL.L 
1 in promoting senescence (w'tllr ø al, t999) thereby reducing

posthanrest storage life and quâlity. The gaseous compoturd 1-

methylcyclopropene (l-MCP) has been shown to inhibit the effects of

ethl,lene in several omamenul species (Serek â aI, t995; Sisler ø aI, L996a;

Cameron and Reid, 2001) and has also been tesæd on various fruits and

vegeables.

Studies of the effeca of I-MCF on the shelf life of. Brassiøspecies vegeables

have produced both positive (Ku and \fiils, 1999b) and mixed resufts (Able ø

al,2OO2). Resuks presented in Chapær 6 showed that Chinese cabbages cv'

Yuki' produce low levels of ethylene, suggesting that ethylene toght not be a

major influence on the initiation and prrcgression of senescence in this

cultivar.

This chapter investþaæd the effect of tl¡ee different wounding treaünents'

and various concentrations of 1-MCP on the posthawest life of Chinese

cabbage cv. Yuki'.
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7.2 Materials and methods

7.2.1'Voanding exPeriment

Chinese cabbages cv. Yulçi'wefe gtrcwn at a market garrden in Vifginia' South

Australia using commercial growing practices. The experimenul area

consisted of a raised bed conaining two rows of approximate\y 360 Plants

each. lvfatr¡re Chinese cabbages werc harvested over three da1n, on Jr:ne 19,

23, and 26,20Q0, with cabbages ha¡vested on each day representing one

replicate. Based on rcsults presented in Chapter 4, no specific time of the day

was selected for hanresting.

The harvested cabbages were paclad into wa:red candboard canons in the

field and were tra¡rsponed to the \Øaite Campus of The University of

Adelaide within tl¡ree hou¡s of harvest. Upon 
"tti'tt"l" 

the cabbages were

placed in a coolroom set at 2"C andallowed to cool Íor 24 hor¡rs before being

placed into individual perforated polyethylene bags to slow down moisture

Ioss. Gbbages from the different harvest dates (replicates) were stored in

separate cartons. On the day of. hawesg five cabbages from each replicate

wefe sampled for weþht, trimming loss, the Presence and severity of

disonders, and overall quality.
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7 .2.L.t'Wounding treatments

\Øounding treatnrents were applied to simul¿æ common mishaps and

handling practices seen in Austnlia and during exPort' that is, d-ppittg'

trimming, and compression. Fifteen cabbages fiom each of the th¡ee

replicates were ra¡rdomly allocated to the wounding treaünents. A contrrcl

tr€arrnent of no wounding was also included. To apply the dropping

treatnænt, cabbages were dropped t'wice, on tleir side, from a heþht of 50

cm onto a concl€te floor. The trimming tleatrnent was applied bycuning off

two to th¡ee of the ouærmost leaves from the cabbage head initiallyand again

at th-ree, six and nine weels stonge. This was to simulaæ the removal of

damaged or senescing leaves fircm hawesæd cabbages at each sage of transit

from grower to q¡holesaler to reailer. During transPort and storage, Chinese

cabbages in the lower caftons of loads are ofæn compressed r:nderthe weþht

of those above. To apply the compression treatment, cabbage heads

conained in polyeth/ene bags were laid on their sides on a concrete floor of

a 2"Ccool¡oom and were compressed r¡nder a weight of f þ per cabbage.

The weþht was applied using two planls of wood with small brrclats of waær

spaced evenly along their length, for approximaæly 42 hours. The d-pp-g

and trimming treaünents each took aPProximatÊly one minute to apply

qzhereas the compression treaUnent took approximately 42 houn to apply.

Alt of the wounding treaunenr were applied 48 hor:¡s after harvest, and, afær

tr€atrnent, cabbages were stored in individuat perforaæd polpthylene bags, in

cartons, 'tna,2"CcooL,oom for up to nine weels'
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7 .2.L.2 Postharvest evaluation

Measurements of weþht, respiration raæ and ethylene production were talçen

from five cabbages per replicate per wounding treatment after treatments

were applied. Due to differences in the time t¿lcen to apply the different

treatrnents, gas samples from compressed cabbages were taken aror'¡¡rd 66

hours after the initiation of their wor:nding üeaünent compa-red to only 24

houn for cabbages that had been eitlrer dropped or trimmed. The same five

cabbages werc r:sed to measul€ weþht loss, respiration rate' and eth/ene

production at intervals of th¡ee weels uP to a rr¡ærimum of nine weeks.

At the same intervals, a furtüer five cabbages from each replicate/treautrent

combination were destructively sampled to determine trimrning loss,

disorrders, and quality. All postharvest evalu¿tions were determined as

described in General lvlaterials and lt¡lethods, sections 3.2.7 to 3.2.3,3.2'6 and

3.2.7.

7.2.1.3 Data analysis

All numeric d, daø from the wounding e4periment , aParlu from quality scores'

were anafsed for va¡iance (AI{OVA) as a twÈway ÍaæonaJ' (wounding

trcatÍlent x storage period) r-r.sing Gens ;rrr, 5, 4ú Edition for tffrndows (L*t

AgriculûIal Trust, IAC& Rottramsted) Quality scol€s were comPared using
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fneans and sta¡rdard effo¡5. The experiment was set uP in a Randomised

Complete Block desþn, with the harvest dates (replicates) as blocls, and

cabbages harvested on each daæ randomly assþed to wounding treatfnenc

and storage periods. Differences between treaünents and between stonge

periods were determined r:.sing the l-east Sþnificant Difference (ISD) at the

5olo level.

7.2.2 L-MCP exPerùnent

Chinese cabbages cv. Yuki' wefe grown at a market garden i" Vugiot4 South

At¡stralia using commercial growing practices. The experimentzl area

consisted of a raised bed conaining two rows of approximaæly 360 Plants

each. lvfatu:e chinese cabbages werc ha¡¡esæd over two dap, on June 10

and 18,2001, with cabbages ha¡vested on each dayrepresenting one replicate'

Based on resuhs prcsented in Chapter 4, no specific time of tÏe day was

selected for harvesting.

The han¡ested cabbages werc paclred into wa:<ed cardboard caftons in the

field and were trafisported to the \Øaite C-ampus of The Univenþ of

Adelaide within three houn of harvest. Upon arrival, the cabbages were

randomlyallocated to one of fourtreatment SrouPs and lept in the cartons at

room tempenure, approximate\y 22Ç awaiting trcaünent aPPlicadon. On

the day of hawest, six cabbages from each replicate were sampled for weþht,

tfimming loss, the Presence and severityof disonden, and overall quatity'
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7 .2.2.1 1-MCP treatments

Four differenr concenrnrions of l-met$icpþropene (l-MCP), 0 pL.Ll

(control), O.O1 pL.L 1, 
0.1 ¡rL.Ll or 1.0 lrl.Lt were applied to four lots of six

Chinese cabbages from each replicaæ. The cabbages wer€ placed inside

cardboard cartons on raised wire mesh to allow for a,tr circulation around tüe

cabbage heads. The cartons were enclosed inside close-fitting, 100 pm thick

polyethliene bags sealed with plastic strip seal. A measr¡red qruntiry of

gaseous 1-MCP was injecæd into each sealed bag/carcon to apply the

treatment concentration to the cabbages inside.

Two stock gases that conained approximately 100 pL.Lt a¡rd 1500 lrl.Lt

gaseous 1-MCP were prepar€d by activating 5.3 rng and 70.7 mg of

EthylBloc@ Q.3"/o active ingredient, Rohm and Flaas, lv{elboume) povrder

wirh 132.6 ¡rL and 1.768 mL of 2o/o KOFI, respectivel¡ in separaæ 520 ÍrL

stoppered glass flasls. The concentration of 1-MCF in the flasls was

meast¡red dufing gas evolution, at 15 and 30 minutes afær activation for the

1OO pL.Ll stock gas and at 30, 60 and 90 minutes after activation for the

15OO ¡rL.Ll stock gas. The level of gaseor.r.s 1-MCP evolved was determined

by injecting a 1 mL gas sample into a Varian 3400 flame ionisation gas

chromatograph (varian Arxtralia, Mr:þrave, victoria) equipped with a

Porapak Q sainless sæel column (60 cm x3.175 mm i.d) of 80/100 mesh
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and calibrated using a tO3 þL.LL isebuÐilene sandard oi*g d aI, L999).

Temperatule conditions were TOoC for the column, 135"C for the injector,

and 150'C for the detector. Flow raæs of ù, hydrogen, and the carrier gas

nitrogen were 3OO, 40 and 50 ml-.min'l, respectively.

After the concentrations of the stock gases were confirmed, gaseous 1-MCP

was exrracted from the flasls rxing syringes fiaed with needles and injected

into the sealed bags conøining the Chinese cabbages. Bags containing

cabbages receiving O.O1 pL.L1 were injected with 4.3 mL of the 1OO ¡rL.L 
1

stock gas, bags containing cabbages receiving 0.1 pL.Ll 1-MCP were injecæd

wirh 2.9 mL of the 15OO pL.Lt stock gas and bags contâining cabbages

receiving 1.0 pL.Ll 1-MCP were injected with 28.7 rnL of tlre 1500 pL.L 1

stock gas. The volume inside the sealed bags fitæd over the caftons

containing the cabbages was approximatelya3 Land the bags remained sealed

for !2 houn afær the injection of t-MC['. Bags conaining cabbages

receiving O pL.Ll 1-MCP (contro) were sin¡aæd away from the other

treatments to minimise the risk of contamination v¡hen the bags were opened'

Æter the I-MCP treatnænts were applied, the Chinese cabbages were placed

into individual perforated polyeth/ene bags to slow down moisture loss and

then stored in cartons in a coolroom set at 3oC Cabbages from different

treatment/replicaæ combinations were stored in separate cartons.
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7 .2.2.2 Posthan¡est evaluation

lvleasurements of weþht' respiration rate' and et$'lene production were talcen

from six cabbages for each replicaæ of the I-MCP treatnænts before and

afær treatments wefe applied, afær cooling, one week Post-treaüneng and at

intervat of tlree weels Post-trcatfnent uP to a maximum of nine weels'

These cabbages werc then destructively sampled to determine trimming loss,

disoriCers, and quality.

Six cabbages from each replicate/trcavnent combination were destructively

sampled imnædiately afær harvest to establish Uimming loss, disonders, and

qurtiry prior to treaünent. All postharvest evaluations weÍìe deærmined as

described in General lvlaærials and lVfethods' sections 3.2-l to 3.2.3,3.2'6 and

3.2.7

7.2.2.3 Data anabais

All numeric ù data, apart from quality scores, were analped for variance

(A\IOVA) as a rwg'way factorial (I-MCP tr€aünent x storage period) using

Gensat 5, 4ú Edition for \firndows 0-*r Agriculh¡ral Trust, IAC&

Rotharnsted). Quality scor€s were comPared r:sing næens and sta¡rdand

erïofs. The experirnent was set uP in a Randomised C,ompleæ Block desþ,

with the han¡est dates (replicates) as blocls, and cabbages harvested on each
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daæ randomly assþned to I-MCP treatrnents. Differences between

tr€atnrcnts and between storage periods were determined using the Iæast

Sþnificant Difference (I-SD) at the 5olo level.

7.3 Resuls

7.3.1'Vounding exPerirnent

Most of the dropped treatment cabbages susained damage to their ouær

leaves, srrch as cracking of mid¡ibs and tearing of leaf tissræ (Fig"t 7.Ð.

Trimrning trcatrnent cabbages had two or three clean-cut wounds close to the

base vzhere the trimmed leaves were removed. C-ompressed cabbages were

generallyflattened on two sides with some sustzining cracls in the outÊrrllost

leaves, especiallyin the mid¡ibs.
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Figure 7.1. Chinese cabbaç cv. Yuki'leaf showing teats in leaf tissue (eft)

and cracks in the midrib (tighÐ resulting ftom application of the dropped

wounding treatment.

The respiratiof,. r^te of the cabbages was highest at zero weeks, that is three

days aftet harvest after the wounding treâtfiIef,ts had been applied €g*"

7.2). The lowest (ates were tecorded after the cabbages had been in low

temperature storage fot thtee to six weeks, but rates increased by nine weeks.

Respiration rates for individual cabbages ranged from 0.7 mL to 3.9 mL

CO2.kg 
l.hr 1. The dropping treatment took approximateþ one minute to

apply whereas the compression treatment took approximately 42 hours to

apply. After treatment, the wounded cabbaçs were placed directly into the

plastic buckets fot gas sampling 24 hours later, so that gas samples ftom
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compressed cabbages were talçen a¡rcr:nd 66 houn after the initiation of their

wonnding tr€atrpnt compared to only24 hours forthe d-pp.d cabbages'

Ethytene production was low after wounding and remained so druing storage

up until six weels (Figpre 7.3). Afær nine wee[s storage, production had

increased in all treatments excePt tfilnÍted wftich, 
^t 

2.0 oL qFl'lg-t'htt,

was significantlylowerthan the dropped, cornPressed, and conuol üeaünents'

Ethylene production for individr¡al cabbages ranged from a minimum of 0'4

nL CrH4.lg 
t.hrt to e maximum of' ezlol CrFIo.Lg't't'tt'
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Figure ?.2. Respiration rates of wounded Chinese cabbaçs cv. 'Yuki' dudng storage at

2"C. Values are mearìs of 15 cabbages (three replicates of five heads eâcÐ. The bar

represents the least significant difference betq¡een treatments over the stotage pedod
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Figure 7.3. Ethylene production of wor:nded Chinese cabbages cv. 'Yuki' duting storage

at 2oC. Values are means of 15 cabbages (three replicates of frve heads each). The bar

represents the least significant difference between treatments over the storage period

€=0.05).
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\Øeþht loss and trimming loss of wounded Chinese cabbages increased

sþnificantly during storage (Iable 7.1), but no differences wefe for¡nd

between the dropped, comprcssed, and control tr€atments for either weþht

loss or uimming loss. The lowest weþht loss for an individud cabbage

during storage was O.4olo and the hþhest was 4.8olo. Trimming loss for

individual cabbages ranged frcm !2.7o/o up to 54.4o/o. Similaf weþht loss and

trimming loss data were nor collecæd for the trirr¡rned treatment due to the

way this treaünent was applied. All four wound treaunents were compared

for toal losses (weþht loss plus trimming loss) afær nine weels storage

(table 7.2), wlrh the tfimfned treatment h""i"g the hþhest ¡ærcenage loss

and being sþnificantly hþher than the d-pp.d and compressed treatments'

Toul losses for individual cabbages ranged from a minimum oÍ.27 '9o/o uP to a

ma:<imum of.s2.To/o,with both these figures reconded for trimmed treatment

cabbages.
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Table 7.1. 'Weþht loss and trimming loss of wor:nded Chinese cabbages w.

Yuki' dufing storage at 2"C Vaftæs arc næans of 15 cabbages (tb:ee

replicates of five heads each) and different letten within columns denoæ the

least sþnificant difference between storage periods (P:0.05)'

Ioss (o/o) Ioss (o/o)

Control Dropped C-ompressed Control Dropped Compressed

0 0.0a 0.0a 0.0a

3 weels 0.8b 0.9b 0.9b

6 weels L.4c I.6c t.6c

9 weeks 2.Ld 2.3d 2.4d

24.2a 24.2a 24.2a

32.3b 31.5b 29.sb

37.5c 34.5b 34.3c

42.7d 40.5c 38.6d

Table 7.2. The total losses (weþht ptr:s trimming) of wounded Chinese

cabbages cv. Yulçi'ro achieve a visuallymarkeøble head after storage for nine

weels ùtz"C Values ar€ nrcarr of 15 cabbages (ttree replicates of five heads

each) and different letters denote the least significant difference between

treatnrents (P-0.05).

Totallosses (þ

43.9ab 46.6a

Dropped

4r.9b

C-ompressed

40.1b
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Qualityscores for the wounded Chinese cabbages generallyincreased over the

srorage period, that is, the quality of the cabbages decreased (Iable 7.3). \\e

average score for all cabbages af 7ßro weels was 1.9 and at nine weels was

3.3. C-abbages fiom the uimnæd and control trcaünents had a similar score

to those for cabbages from the comprcssed treatment (3.f) and the dropped

tr€aúrænt (3.4. Tfihing, yellowing, and small areas of pathogen infection at

prehanzest and postharrest wound sites, were the major causes of the

decrease in quality in all treatments.

Table 7.3. \\equalityscores of wounded Chinese cabbages cv. Yuki'during

stonage af 2oC A score of 1 indicates good quâIity and a score of 5 indicates

poor qudity. Scores a¡€ means of 15 cabbages (three replicates of five heads

each) plus or minus the sanda¡d error.

Qualiryscore

Control Trimned Dropped C-ompressed

0 v¡eels 1.9 + 0.3 1.9 + 0.3 1.9 + 0.3 1.9 t 0.3

3 weels 1.9 + 0.3 t.7 + 0.2 t.7 !0.2 t.9 !0-2

6 weels 2.3 !0.2 1.9 + 0.3 2.3 + 0.3 1.9 t 0.3

9 weels 3.1 r 0.3 3.1+ 0.2 3.7 + 0.2 3.3 !0.2

Aryø 7 - Tlß E fú { lf/qãdbg ød l'M Q ø t}z Pat}ønst L ife { Airc e Alfugt 118



7.3.2 I-MCP ExPeriment

The respiration rares of cabbages of the 0.1 pL.L1 and 1.0 pL.Lt 1-MCP

treatments were significantlyhþher than those of the O.O1 pL.Ll 1-MCF and

control tr€atnrents after fumþation (Figu¡€ 7.a). Afær cooling, respiration

raæs for all treatments fell to similar levels and remained constant for the

v¡hole nine weelçs of storage. Respiration rates for the O.O1 F.L.LI 1-MCP

and control treatments after fumþation with 1-MCP were not significandy

different to those measured before the treatments were applied, vzhfut raæs

for the O.O1 pL.Lt and 1.0 pL.Lt 1-MCP treated cabbages increased

significantly after treatment. Chinese cabbages assþned to the 0.01 pL.Ll 1-

MCF treatment had a sþnificantly hþher averïrge respiration rate prior to

fumþation than the cabbages assigned to the other treatmenc, but as there

was no sþnificant difference between the before- and afær-treaünent

respiration raæs for those cabbages, the former data were retained in the

analpis. The respiration rates for individual cabbages ranged from 0'15 mL

to 11.5 mL Co2.kg-1.hf1.

Etþiene production for Chinese cabbages before and after üeatment with

I-MCP, after cooling and during storage a¡e shown in Figut€ 7'5' Production

for cabbages fumþaæd with 1.0 pL.Lt 1-MCP afær treatment was

sþnificantly hþher than for the other treaünents. C-abbages fumþaæd with

0.1 FrL.L1 I-MCP produced sþnificantly hþher arnourts of eth/ene
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compa.red to both the control cabbages and those fumþaæd with O.O1 pL.Ll

I-MCP. Eth/ene production increased sþnificantty for both the 0.1 FL.Lt

and 1.0 FL.Lt 1-MCP treatrnenr after fumþation and decreased significandy

for all üearmenrs afær cooling. Production was relativelystable for the nine-

week storage period with no differences between treatments. The lowest

ethylene production recorded for an individual cabbage was 1'0 nL

qFlo.t g-t.1"-1 and the hþhest was 238 oL qFlo.LS-t-ht t.
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\X/eþht loss of the Chinese cabbages increased steadily after fumþation with

1-MCP and during cooling and storage (fable 7.a). frfæt cooling and up to

tlree weels of storage, weþht loss of control cabbages was sþnificandy

hþher tha¡r that of the other treatments, but laær was similar to the 0'01

FrL.Lt and 1.0 FrL.Lt I-MCP treatnrcnts. Æær six and nine weels storage'

t¡e weþht loss of cabbages trcated with 0.1 pL.L'1-MCP was sþnificandy

lower than that of the control and the O.O1 ¡rL.L1 and 1.0 pL.Lt l-MC['

tr€atments. lvfaximum weþht loss of 3.9o/o was recorded for a control

cabbage after nine weelçs storage and minimum weþht loss of 0.3olo was

reconded for a O.O1 pL.L t 1-MCP cabbage aftertreatment.
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Table 7.4. \x/eþht loss of chinese cabbages cv. Yuki' fumþaæd with

different concentrations of I-MCP and stored, after t¡eatment' at 3oC for

nine weels. Values are means of 12 cabbages (two replicaæs of six heads

each) and different letæn across rows denote least sþnificant difference

between treaünents (P :0.05).

loss (o/o) of 1-MCF treated heads

Control (O ¡rL.L) O.O1 ¡rL.L 
1 0.1 pL.Ll 1.0 pL.L1

Before treaünent

Ætertreatment

Afrer cooling

l week

3 weels

6 weels

9 weels

0.0a

0.9a

2.Ob

2.tb

2.3b

2.6b

3.0b

t.6t

L.9a

0.0a

0.6a

t.5a

1.7a

t.9a,

2.2a

2.4a

0.0a

0.7a

I.7a

L.9a

2.2a

2.6b

2.eb

0.0a

0.6a

2.La

2.8b

Trimming loss for chinese cabbages before treatnænt with I-MCP and afær

nine q¡eeks storage are shown in Table 7.5. Trimming loss was not calculated

at other assessment/storage periods. Trifirning loss afær treatment and

srorage was grcater than uimming loss before treatment, but not significandy

so. There were no sþnificant differences beween the 1-MCP tr€atrnents

either before fumþation or after fumþation and storage for nine weelçs' The

lov¡est trimming loss for an individual cabbage was 11.3olo recorded for a

2.4b
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before-treatment cabbage and the hþhest was 56.60/o for a 1.0 pL.Lt l-MCp

treated cabbage after nine weels storâge.

Table 7.5. T\etrimming loss of Chinese cabbages cv. Yuki'fumþaæd with

different concentrations of 1-MCP and stored, after tl€atnrcnt' at 3oC for

nine weels. Values are fneafts of. t2 cabbages (two replicates of six heads

each) and letten across rows denote the least sþnificant difference between

treaünents (P:0.05).

Trimming loss (o/d of 1- tr€ated heads

C-ontrol (O pL.L) 0.01 ¡rL.Ll 0.1 pL.L 1
1.0 ¡rL.Ll

Before treatment 28.8a 28.8a 28.8a 28.8a

9 weels 30.3a 35.7a 36.0a 38.2a

The quality scores for Chinese cabbages before trcatfnent with 1-MCF and

after nine v¡eels storage a¡e shown in Table 7.6. No scores were allotæd at

other assessment/storage periods due to the destructive nature of the scoring

process. The quality scores of the cabbages stored for nine weelçs averaged

4.4 and were hþher than those of the cabbages prior to trcatment and

storage, u/hich averaged 2.0. The quality of cabbages prior to treatment was

reted between good and average, and after treaünent and storage tht qutlity

had deæriorated to poor. Treated and stored cabbages were observed at

tb¡ee and six weels a¡rd their quatitywas estimated at between2 and 3, and
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between 3 and 4, respectively, but did not talre into account any intemal

symptoms ordisorden.

Table 7.6. Quatity scores of Chinese cabbages cv. Yulçi' fumþaæd with

different concentrations of I-MCF and stored at 3"C for nine weels' A score

of 1 indicates good qualityand a scor€ of 5 indicates Poor quality' Values are

nìeafis of 12 cabbages (two replicates of six heads each) plus or minr:s the

standard error.

scores of 1-MCP treated heads

Control (o ¡rL.L) O.O1 pL.Ll 0.1 pL.Ll 1.0 pL.Ll

Before tr€atrnent 2.0!0.2 2.0t0.2 2.0+ 0.2 2.0!0.2

9 weels 4.2+ 0.2 4.4 + 0.2 4.3 + 0.2 4.7 + 0.1

7.4 Discussion

7.4.1'Vounding exPeriment

The aim of this experiment was to study the effect that phpical damage of

chinese cabbages hæ on their posthan¡e$ life. Cabbages with injruies

inflicted to simulaæ three common handling procedures and mishaps -

droppirrg, compression, and trimming - were compared to control cabbages

with no damage.
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No differences in the respiration rate of Chinese cabbage cv' Yulçi' were

fonnd between the wounding treatnìents during stolage at 2"C for nine

weel$. This indicates that any effect of the wor-rnding treatrnents on the

respiration rate of the cabbages was not detected bythe methods rsed' The

respiration rate of the cabbages was very low despite the application of

wognding treatfrænts. In an investþation of the respiration rate of Chinese

cabbages, Daly and Tomkins (1998) reported values of around 2 mL

Cor.kg-l.hfl at O"C and close to 3 mL @2.kg-1.hr-1 at 3oC after six weels

storîage, v¡hereas in the Present snrd¡ raæs for wounded cv. Yuki' after six

weels srorage at 2oC were berween 1.0 and L.25 mL Co2.kg*1.hr'1.

Differences in respiration rate between cultivars may account for tihis

variation. The small incrcase in respiration recorded after nine weelçs in

storage is most likely due to the action of pathogens at both preharvest and

postharvest wound sites, as well as the onset of senescence 6ays, 1991). The

difference in the initial (zero weels) values between the dropped Q.75 rnL

Cg2.li1.hf ) *d compressed (2.08 mL Cor.kg:l.hf ) tt=rt *tttt is most

likely due to time differences in the application of the two worurding

treatments

þplication of the wounding uìeatments had litde effect on the raæ of

ethliene produced by the Chinese cabbages druing storage ^t 2"C

Production raæs for all treatments remained relatively stable until six weels,

and rurtil nine weels for the trimming trcatnrcnt cabbages. Trimming two to
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three of the ouærmost leaves from these cabbages kept etþlene production

to levels of. 2 nL.l<gt.hr 
t, .lr.r, v¡hen the other ûsatrrænts recorrded an

increase after nine weeks storage to between 9 nl.kg-l.hf 
t 

arrd !2 ol'kg-tåf t'

This suggesa that the ouærmost leaves of the cabbages from the dropping,

compression, and control tr€aünents were resPonsible for the increased

eth/ene production. This increase is most lilely due to the senescence of

tlrese outer leaves (l"I"Fk and Flalery, L972; Aharoni and Lieberman, t979b)

and also to pathogen action at prehawest and harr¡est wor¡nd siæs @ratt and

Goesclrl, 1969; Abele s d aI, t992;Lr¿nd d aI,1998). Eth/ene production by

pathogens at posthan¡est wound sites on cabbages that had been dropped or

compressed was obvior¡sly not sufficient to cause a difference in resula

between these two wor:¡rd treâtments and the conffol tfeaünent afur nine

weelçs

\Wounding of plant tissue is usually followed by * increase in ethylene

prodirction ff" *d Y*g, 1980; Yang and Hoffman, !984; Kader, t992b),

although responses are variable. Bruised tomatoes showed increased ethylene

production wirhin an hour of wounding, but resuhs differed between cultivan

QvIaclæod d dI, tg76). Increases in ethliene produaion were reconded two

to three houn after wounding of leaves and petioles from cotron plants, with

the leaf tissue h""i"g tle larger increase (lrdcAfee and Morgan, 1971)' Rates

for both tissue types decreased afær six to seven hours. Ke a¡d Salweit Jr'

(1939) found that an increase in ethylene production accompanied wor:nding
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in iceberg letnrce and the effect lasted about six hou:s. Any increase in

ethl,lene production caused by wounding of the Chinese cabbages in this

study was not detected due to the method used for sampling, v¡here

headspace gases were allowed to accumulate over a 24-hov P.ti"d arrd any

trarsitory increases would be r:ndistinguishable. Atæmpts to næasr¡r€

ethliene p'roduction between one and tl¡ee houn after wounding were

u¡successful ("il CrH- detecteQ suggesting that anywound-induced increases

in etþiene fromthe cooled cabbages were gradual.

Ethylene is known to promote senescence and senescence-relaæd Processes

(I(ader, 1985; Abele s et aI, t992) rcdtcing the storage life of han¡esæd

produce. Yamauchi and 'Waad¿ (199t) found that exogenous etlylene

accelerated ctrloropþ,ll degradation in spinach leaves, and Ke and salweit Jr.

(1983) observed increased russett spotting and pllowing of letnrce leaves in

response to 3 pL.Ll eth/ene. \Xfrils a¡rd'Wong (1996) found that the stonge

life of th¡ee fuian leafyvegeablet þú choi, choi sum and g"i lrrr) decreased

as the ethylene concenu¿tion in the storage atmospherc increased, and \Mrlls

d dt (lggg) rcported a similar rcsponse with Chinese cabbage. The wounded

Chinese cabbages cv. Yuki'in the cunent studyhad a simila¡ storage life and

quality to that of the control cabbages, supporting the idea that any wound-

induced eth/ene production was not sufficient to influence the rate of

senescence or the L"gth of storage life.
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Damage inflicted to cabbages by either d-pp-g or comPression affecæd

neither the weþht loss nor the trimming loss of the Chinese cabbages

compared to the control tfeaünent. fu found in previor-r.s e>çeriments

reported in chaprers 4, 5, and 6, weþht loss and uimming loss were

influenced bythe L"gth of storage rather than tlre treaünents applied' Most

of the injuries caused bydropping and compression were to the outer leaves

of the heads, and these leaves were trimmed as pan of the trimming loss

evaluation regaldless of their injuries, as they were the fi¡st to show *ilti"S

andpllowing.

The nature of the trimming worurd treaünent precluded it from comparison

to the other treatments for weþht loss and trimming loss. The removal of

two or three outermost leaves prior to anð at three-weekly inærvals during

srorage confounded the weþht loss a¡d trimming loss dat¿ for this treatrnent,

ma}ing any contrast to the other treatments meaningless. The trimming

treatrnent was, however, compared for total losses at the end of storage, that

is, cumulative weþht loss plus trimming loss afær nine weels. As with the

sepamte weþht loss and trimming loss resuhs therc were no differences

beween the dropped, compressed, and control treaünents. ToAl losses for

the trimmed treatment were sþnificantty higher than those for the dropped

and compressed treatrnents, but were not different from the conuol

ü€aünent. There was also no difference in quality between trimmed and

control rreaüÌEnt cabbages afær nine weekt storage. This indicates that the

regular trimming of senescing leaves from the cabbage heads during stofage
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was no better than trimming the cabbages once at the end of the storage' and

resulted in the hþhest total loss. It would aPPeaf to be uneconomical, with a

lower market¿ble head weþht and hþher labour costs.

The wounding treaürlents apPea¡ to have had no effect on the qualityscores

of tlre Chinese cabbage. \J7hilst the cabbages were ittiti"lly scored as

accepable (1.9) theyremained within the marketable range þlow 3) until six

v¡eels storage, but became r¡nmarlet¿ble by nine weels. The marginally

hþher score of 3.7 for dropped treatrnent cabbages is due to hþher incidence

of brown discolouration a¡d roning of cracls in the outer leaves. The main

causes of the decrease i" q.tity for cabbages in all tfeaünents were wiking,

¡ællowing, and tlre development of rots at preharvest and posthanrest wound

sites. Gajewski and Skapski (L994) found litde difference in quality' afær t2

weels ston¡ge at OoC ø 2"Ç between Chinese cabbages that had been

ffimmed during stonge and those that had not.

The wounding treaünents applied to the Chinese cabbages in tHs experiment

were desþned to approximate handling practices and mishaps commonly

occuning in the Australian industry. In general Posthañ¡est handling of

Chinese cabbage in Australia is of a good standafd, with packaging,

refrþraæd transport and storage, md minifnal handling employed to

minimise losses. The wounding treaünents werc not considered ha6h and in

most cases the resulunt injuries were only superficial and minor. This is in

contfast to the more sevete damage inflicted on Chinese cabbage in some
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ar€as of China. In an assessment of posthaffest handling in eastem-central

China, \Ø*g and Bagshaw (2OOÐ found that the maionty of postharvest

losses were from mechanical damage. This mechanical damage resuhed from

general rough h*dli"g tt collection centres and v¡holesale marlsets,

overloading during trafisportation and a lack of proæctive packaging, and

accounted for over twethinds of the toal losses'

7.4.2 I-MCP exPeriment

I-MCP, v¡hich has been shown to inhibit the effects of eth;iene in a wide

range of honiculnual produce (Serckø aI,1995; Sisler d aI, t996b; Golding ø

al, L998; Pont ø dl, tggg), was used to investþate the possibiliry ttrat this

substance would prolong the postharvest life of the cabbages'

A sþnificantty higher respiration nrte was recorded prior to fumþation for

cabbages assþned to the O.O1 pL.Ll I-MCP treatrrænt than for cabbages

assigned to the other treatments. There is no evidence that these panicular

cabbages v¡ere in any way different or had been ueated differcndy from the

other cabbages and so this variation in before-treatrnent respiration rates was

attributed to measur€rrrcnt error.

The increases in respiration çrte and ethylene production for cabbages trcaæd

wirh 0.1 pL.L t and 1.0 FL.LI 1-MCP indicate a possible str€ss l€sPonse to

the hþher concentrations that is not seen for the O.O1 pL.Lt 1-MCP
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concentration or the control (O ¡rL.Ll I-MCP) tr€aünents. The rise in

rcspiration rate is similar to the r€sPonse of non-climacteric fruia to

exogenous etlylene 0("F, t99t) aad may have resulæd from the increased

ethylene production (Abeles d dI, t9g2). The reason for the rise in ethylene

production is not clear, but similar resPonses to 1-MCF have been reported

for pak choi leaves and broccoli florets (ItbLe ø aI, t999a), bananas (Golding

d aI, L998), grapefruit (Mullins d aI,2ooo), and coriander leaves ffiary a dI,

2OO2). It has been suggested that the competitive binding of f-MCP to the

ethylene binding site may suPPrcss an autoinhibitory or other feedback

mechanisrr\ allowing uncontrolled ethylene production (Goldi"g A aI, t998;

Mullins d il,2OOO; Jiang et d, 2OO2). A simila¡ rcaction in ethylene

production was also rccorded in response to @2 .nd Ag* in tobacco leaves

(Ah"-"i and Lieberman, L979a) and a similar hypothesis of disruption to a

feedback control mechanism was Put forwa¡d (Aharoni d aI, t979). This

increased ethylene production fesPonse, however, rnây be rcstfict€d to

particular tissue Ð?es as either no increase or a reduction in ethl'lene

production was recotded for camatiors (Sister ø aI, L996a), pears (de'trrld ø

aI, tggg), and tomatoes Sfills and Kr¡, 2OO2). The strcss resPonse of the

Chinese cabbage in the Present studyto the hþher concentrations of I-MCF

was not pennaneff and, afrer cooling, the elevated raæs of respiration and

etþtene production renrned to levels similar to those of the 0.01 pL.L 1

I-MCP and control treatment cabbages. This is most likely a temPeftrture

effect as elevated eth/ene production of 1-MCF trcated coriander leaves
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srored 
^ï 

2OoC $i""g ø aI,2OO2) and pak choi stored at lOoC (Itble e aI,

L999a)tookup ro seven dap to decline to pt€-treatment levels.

Treatment with I-MCP was accomPanied by a slower weþht loss of the

cabbages afær cooling, *ith atl l-MC[' u€atrnents recording lower Percenage

weþht losses than the control until three weer' 's storage. After storage for six

weeks, however, weþht loss forthe 0.01 pL.Ll and 1.0 FL.Lt l-MCP-treated

cabbages had increased to the same level as the coffrol cabbages, with only

the 0.1 pL.Lt 1-MCP treated cabbages mainaining the initial lower levels'

Although statisticallysþnificant, the differences between treaünents are small.

Pont a aI (Lggg) and \füls and Ku QOO2) both reporæd no effect of 1-MCF

on weþht loss of oranges and tomatoes, respectively, and weþht loss is not

mentioned in other studies. There is some evidence that ethylene can cause

stomatal closu:e in some plant species (Abeles d dI, t992). Pallas and Kap

(L}BZ) reported a decrease in stomaal conductance and stomatal closure in

peanut leaves after exposure to 1 pL.Ll ethylene for either two and a half or

six houn. Increased inæmal eth/ene concentrations of between 0.3 FIL.L 
t

arÅZ.g pL.Lt in leaves of peach, olive, coffee, pepper, fþ and cherry, caused

by treatment with 1500 pL.Lt ethephon, were linlçed to increased stomatal

resisønce (Viagliano and Hoad, L978). It is possible that the increased

ethylene production in response to the I-MCP treatn¡ents' akhough much

lower than those reported, may have induced the closure of stomata on the

Chinese cabbage leaves, reducing transpiration, and therefore weþht loss,
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imrrædiately after fumigation and until the cabbages were cooled. This,

howeveç does not adequately e4plain why cabbages tr€aæd s/ith 0.1 PL.Lt

1-MCP had sþnificantly lower weþht loss for the entire nine-week storage

period. Also, the onlyBrassica species tested for ethlilene effects on stomatâ,

kol¡lrabi and cabbage, showed no rcsPonse (Aharoni, L978).

Trimming loss prior to treatrnent and storage v¡as already quiæ hþh, at

a¡or:nd 29o/o, andthis was due to e>rtensive insect damage to the ouær la;æn

of the cabbages. The trimming loss afær nine weels in 3'C storage was not

different from the before-treatment values for all treatments including the

contro! t}ris means that most damage had occurred in the field rather than

during storage. No beneficial effect by 1-MCF was obsewed on either

pllowing or rot development at v¡or¡nd siæs, which v¡ere the main reasons

for the removal of leaves. Itble ø aI (1999a) observed no effect of I-MCF on

the rate of pllowing and the shelf life of pak choi leaves, suggesting that

endogenor:s eth/ene had no influence on pllowing or shelf life of pak choi'

1-MCP fumþation was onlybeneficial in the Presence of exogenous ethylene.

This was in contrast to the effeca of I-MCF observed on broccoli, v¡hich

showed extended shelf life and reduced pllowing with and without

exogenous eth/ene applications (Able ø aI, !999a;Ku and \trtllt, t999b;Fan

and lvfattheis, 2OOO). At low temPemnues, the e>rænsion of shelf life of

broccoli by 1-MCP was related to delays in the onset of rots (!$le a aI,

L999E Ku and \trrlls, L999b); however 1-MCP increased the incidence of
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fu"grl roa in oranges (Porat a aI,1999) and enhanced the onset of rots in

strav¡berties v¡hen applied in concentrations hþher than 15 nL.Ll (Ku and

Vrlls, 1999a).

The quality of the Chinese cabbages had deteriorated after nine weels

storage, but there were no differences between the treatments. The inhibition

of ethylene action by 1-MCF did not affect the pllowing of the older outer

leaves, suggesting that either endogenous ethylene is not involved in

chlorophyll degradation in Chinese cabbage cv. Yuki' or that the I-MCP is

not pefïrnnently bound to the etþiene binding siæ. Similâr resuks were

reported by Atble ø at QOOL) with pak choi albeit at hþher storage

rempenrures and using L2 FrLJl I-MCP, leading to an equivalent

specuJation. Other contributing factors to the poor qualiry of the Chinese

cabbages were small arnor.rnts of baaerial and fungal infection at wound siæs

and mild tipbum of irurer leaves.

7.5 Summary

Chinese cabbage cv. Yuki' suffered very litde adverse effect from the

application of wounding tr€aünents desþned to simulate cofnmon

posthar¡est handling and mishaps. No susained phpiological response to

tÏe wounds was observed during assessnænts throughout the storage period'

Only minor visual syrnptorns resuhed, such as cracls in midribs (dropped

treatment) and misshapen heads (compressed treatment), and these had no
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impact on qualityo r any of.the other Paralneters measured. Regular üirnrning

of senescing leaves d*i"g stomge has no advantage over trimming once at

the end of storage and would not þe economical v¡hen time, labour, and

market weþht are considered. \Xhilst it appean that Chinese cabbages cv.

Yuki'are well able to witlsand some rough posthawest handling, there is an

increased risk of pathogen infection at v¡or¡nd sites and this will limit storage

time and diminish quatity. Rough h*dti"S can lead to substarrtial losses, as

hrgh "r 
3LVo n some regions in china, as reporred by \flang and Bagshaw

(2OOÐ. Therefore, it is recommended that postharvest h*dlittg of Chinese

cabbages should be aifned at minimising physical damage and maintaining

quality.

Resuhs from the 1-MCP experiment aPPear to confirm the notion tfiat

senescence of Chinese cabbages cv. Yuki' is independent of endogenous

ethylene. The data presented here did not provide sufficient evidence for a

link between 1-MCF and ethylene in Chinese cabbage, but it has been shown

in other brassica vegetables (Able ø al., L999æ, Ku and tùtrrlls, 1999b) a¡rd is

assumed to be true in this snrdy. Treatment with I-MCP did not delay the

yellowing and senescence of the ouær leaves of the cabbages compared to the

control. Low levels of eth;'lene production rcPorted previously in this

chapter and in CLrapær 6 were also recorded for this e>geriment. These

results also indicate that the use of 1-MCP as a posthaniest treatrr¡ent for

Chinese cabbage cv. Yulçi'would have no benefit.
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Chapter 8

8 MODIFIED ATMOSPHERE PACI(AGING OF

MINIMALLY PROCE SSED CHINE SE C"{BBAGE

8.1 Inûoduction

The benefits of modifying storage atmospheres have been known for a long

time (Kays, 1991; Vîlls d aI, tggS). Atmospheres low in o, and high in co,

are used to reduce the respiration rate of stored produce a¡rd can also reduce

the effeca of etþlene, inhibit the grovzth of decay microorganisms, and

reduce some phpiological disoncen 0fuF, 1991; Kader, !992a;vlls A aI,

1993). These atmospheres, however, can also have hamrful effects, such as

anaerobic fermentation due to too little O, flJfleichmann, !987;Kader, t992a),

and increased incidence of some disorrden and injury due to hþh levels of

have increased rots in chinese cabbage during storage w*g, 1983; Dalyand

Tomkins, 1998) and caused off-odoun during the storage of other Brassicas

(I("y., 1991; \Øong d dl, L9g7). Recent investigations into the effeca of hþh

O, atmospheres, either alone or in combination with different levels @r,

have retumed encouraging resuhs in inhibiting microbial spoilage

(Arnanatidou d il, !999; \Isz¡3lfi and Mtcharr¡ 2OO0) and preventing

anaerobic conditions (Rosenfeld d dl, t999) -
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Modified aurrosphere packaging is often used to mâintâin qualityand prolong

shelf life of minimally processed produce (Canwell, 1992; Schlimme and

Roone¡ 1994). The modified atmospheres can be generated by the plant

material or introduced into the pacløge prior to sealing. Strict tempentur€

control is required to maintain the desired intemal atmosphere or to slow

down its rate of change, but optimumtemPeraû¡fes afe not.l*)o adhered to

r¡nder commercial conditiors, and this can limit the effectiveness of the

akered atmospheres (\üiley, t99 4)'

Very little work has been carried out on the storage of minimally processed

Chinese cabbage. Kim and Klieber (1997) investþaæd the effects of

rempeftü¡re and preservative dips on the quality characteristics of minimally

processed chinese cabbage. Theyfound bener qualityand longer shelf life at

O"C comparred to 5'Ç and also that none of the ueatment diPt - calcium

chloride, citric acid, and ascorüic acid - e>rtended shelf life at OoC Other

sûrdies have looled at the effect of temperature and low O, modified

atmospheres on other minirnally processed B.rassica species' Pnsad ø aI

(Lgg7) forurd the longest storage life (15 days) for minirnally processed pak

choy was ar 1oC, v¡hilst at 10"C, atmosphercs of 5olo @, phrs 0.5Vo 02

exrended ttre shelf life of Chinese mrxta¡d (\flotg d dI, L997) and 5o/" @,

plus 2olo O, extended the shelf life of minirnally processed pak choy and

broccoli florets (fble aal,L999a).
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For Chinese cabbage, storage atmospheres hbh in O, maybe an aftemative to

low Or/htgh CO2 atmospheres, overcoming the detrimental effects

sonætirnes observed with high @, and rcmoving the risk of anaerobic

conditions. In this experiment, actively modified atmosPherc packaging of

minimally processed chinese cabbage was used to comPar€ hsh q

atmospheres to air, both with and without the addition of hþh QQr.

8.2 Materials and methods

Chinese cabbages cv. Yulçi'werc grown at a market ganCen in Vifginia, South

Ar¡stralia r:sing commercial growing practices. The e:rperimenal area

consisted of a raised bed containing two rows of approximaæly 100 Plânts

each and from these 30 matr¡re Chinese cabbages were harvested on August

t5,2OOL. Based on resuhs presented in Chapter 4, no specific tirne of the day

was selected for hawesting.

The harvested cabbages were pac[ed into wa:<ed ca¡dboarrd cartons in the

field and were transported to the 'rüØaiæ Campus of The Univenþ of

Adelaide within three houn of harvest. Upon atri""l, the cabbages werc

placed in a coolroom set at 3oC and allowed to cool overnþht'

Aryq S - MdifdAtnßpl)qe Pd&øfu{lulinirøþ hæsd Airøe Czlfu'g2 139



8.2.1 MinimalProcessing

Ten Chinese cabbages were selected from the ¡O harvested heads for minimal

processing, based on their visual quality and r¡riform size. IJsing a st¿inless

sæel lnife sterilised with ZOolo ethanol, the heads were trimmed of any

damaged and wihed outer leaves and were then cut longitudinally into

quarters. One quarter from each cabbage was allocaæd to each of four

different stoftIge atmosPherc tfeatnrents a¡rd the quafters were kept sePante

throughout preparation and processing. Core tissue was removed from each

cabbage quarrer and the remaining leaf tissue was cut to obtain leaf pieces no

larger thanT) mmx 30 mrn Iæaf pieces were washed in O.lg.Ll chlorinaæd

water at 4oC and drained using a hand centrifìrge (+SOrprr¡ Zfut,

Switzerland). The leaf pieces from each quarter were then placed into EVA-

PVDC barrier bags (Cryovac Australia Ltd, Favftnea Vic) with each bag

containing between 1OO g and 250 g of. sliced Chinese cabbage leaves Cftgu*

8.1). The u¡¡sealed bags of cabbage were kept ñTocfor approximaælyeþht

hours until the different storage atmosphere tfeaünents were applied' Each

bag was fined with a rubber sePtum secu:ed to the outer surface of the bag

using silicon sealant and a crimp cap.
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Figure 8.1. EVA-PVDC banier bags containing between 100 g and 250 gof

sliced Chinese cabbage cv. Yuki' leaves and fitted with rubber septâ secured

to the outer surface of the bag using silicon sealant and a cnmp cap.

8.2.2 Atmosphereteatments

Fout storage atmosphere tteatments were chosefl to test the effects of high

levels of COrand/or O, on the minimally processed Chinese cabbage. The

treatmerits were 30%o CO, and 70o/o Oz (30:70), 0o/o CO2a¡d70o/o O, (0:70),

30o/o COz and 27o/o O, Q0:21), and efu, which is desctibed as 0o/o COr and

27o/o Oz (0:21) and was the control treatment. The balance of gas, where

necessary, was made up with Nr. Cadron dioxide (99.90/ù, o)rygen (99.5n,
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and nitrogen (99.99o/) pinde Gas, Gvan, SA) were mixed to the required

combination using a flow boarrd.

The concentrations of the gases were confirmed byinjecting 1 mL samples of

th. g* mixrurc into a Varian 33OO thermal conductivity gas chromatograPh

(Vafian Ar:stralia, Mr:Jrgrave, Victoria) equipped with a silica column (35 cm x

3.1 mm i.d) of solloo and calibraæd using o.5o/o @2 gas standa¡d @loc

Gases, Torrensville, SA). Tempeffure conditions were 9O"C for the injector

and deæctor and 28oC for the column, and the flow rate of helium (carier

gas) was 5 ml.min-l. The Percent concentntions of gases in the mixtu¡es

were calculated by comparing the areas of their peaks to the arca of' a

reference peak for each individual gas. The referrence peals were obained by

injecting three samples of the source gases and averaging the resuhs' The

control atmosphere ,O:2lrwas applied r:sing compressed air'

The flow rates of the gas mixhües wet€ næaswed using a 1-1G100 mL soap

film flowmeter (I{ewlett Packard, lvlelboume, Victoria) and were

approximately 7.5 ml.sest for the 30:70 and O,7O treatnrents' approximaæly

8.5 ml.seor for the 30:21 treatment, and more than 10 ml.seol for the 0:21

tr€atnrent (controt). tlne 2.7 L barrier bags conaining the minimally

processed Chinese cabbage were initially flushed with compressed air and

then with the gas mixtur€ of the atmosphere treatnænt being applied for a

minimum of seven minuæs. After flrxhing, a vacutunwas created in the bags
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r:sing suction. The bags were then filled with the appropriaæ gas mlcurcs,

immediately heat sealed, and place d at 7"C The gas mixtures' compressed

"ir, 
*d suction were applied to the bags bymeans of plastic tubing.

Twemy-four houn after application of the atmospherc treaünents and every

ttnee da;n thereafter, the concentrations of' @r, Or, and Nt i" th'

atmospheres inside the bags were measured. A 1 mL sample of gas was

withdrawn from the bags through the attached septum using a 1 mL syringe

fiued with a needle and injected into a Variân 33OO thermal conductivity gas

chromatograph (Varian Ar:stralia, Mulgrave, Victoria), set uP and calibraæd as

stated previously. The concentrations of the gases were determined as

previously described.

Approximate respiratory quotients (RQ) ** calculaæd from measurefllents

of the changing concentratiors of @, and O, in the inæmal atmospheres of

the bags of minirnally processed Chinese cabbage. Differences in

concentr¿rtioru between day 1 and dayT andbetween day7 and day 13 were

used to calculate the estimated mL of CQ, evolved and q consumed during

these times, and approximate RQ *rs determined as the ratio of rnl CO2

evolved to mL O, consumed. These dzøase considered approximate due to

variations in the volume of the headspace within each bag and because only

the initial weþht of the minirnally processed Chinese cabbage was used for

calculations, vhich does not account for changes in weþht during storage'
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8.2.3 @alityecnluation

Visual quality assessnænts of the minimally processed Chinese cabbage were

made daily fo r t4 ðarn afrer the storage atmosphere tr€atflænts were applied.

The cabbage pieces in each bag were given an overall quality rating based on

ratings for individual characteristics as described in Table 8.1- The overall

quâtity rating was deærmined as the malonty rating of the individual

characteristics.

Table 3.L Ratings of chancteristics used for visual quality assessment of

minimalty processed Chinese cabbage cv. Yuki' stored in modified

atmospheres.

R.tittg

12J45

Trace on é
pieces

Lþht green

Veryþht on
{.0 pieces

Yellowy
green

Li*p

Specls on
{.0 pieces

Trace on 2-5
pieces

lvfarl,rcable

Lþht on X0
Prcces

Yellow

Darkon X0
pieces

\Thitening

Te><nrre loss

Blackspeck

Mcrobial
spoilage

Appearance

None

Green

None

None

None

Slþhdylimp

Specks on
ó pieces

Trace on 1

piece

Frcsh

Soggy

Specls on
40 pieces

Spoilage on
G10 pieces

Non-
marLetable

Mr:shy

Specls on
>20 pieces

Spoilage on
Í0 pieces

Not edibleVeryfresh, no
deterioration
from Kim & tee7)
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At the end of the 14-daystorage period, three bags from each u€aünent were

opened and the intemal atmospheres wer€ inhaled to check for the Presence

of off-odoun.

8.2.4 Data anaþsis

The e>çerirrænt was set uP in a completely randomised desþ, with four

trìeatments a¡d 10 replicates of each treatrnent. Quarten from each of 10

cabbages harvesæd on the same date were ra¡rdomly assþed to storage

atmosphere treatnrcnts. Quality scores werc comPared r:sing means and

standâ-rd erro$. The changes in concenuations of @, and q during storage

were analysed for variance (Alt{OVA) as a twov¡ay factorial (atmosphere

trearnrenr x storage period) using Genstat 5, 4ú Edition for \ffrndows (Ir*t

Agriculftïal Tnxt, IAC& Rothamsted). The significance or otherwise of the

differences between treatnænts and between storage period were assessed

r:sing the I-east Significant Differenc. (I-SD) at the 5olo level.

8.3 Results

Figurc 8.2 shows the concentrations of Co, and q in the atmospheres

surrounding the minimallyProcessed Chinese cabbage d*i"g storage. There

rilas a general increase in the levels of @, and a decrease in the levels of Ot

for all four treatments. For treatments 30:21 arrrd O:2L, v¡hich sta¡t€d wfuh
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lower levels of O, th* the other two tr€aüÌEnts, most of the O, had been

depleted to approximately2o/o after 10 dap of storage. O:96en levels in the

t¡€atrrrcnts that received 30:70 arrd O:70 were similar and still hþh, around

34o/o, on day 13. The concentrations of @, in treatments 30270 and 3022L

were marledly different by day L3, at approximaæly 707" and 50o/o

respectivel¡ despiæ being similar ittiti.lly. Grbon dioxide levels in the 0:70

and O:2! treaünents increased to 260/o and 2}o/o, respectively.

The amounts bywhich the concenuatioru of Co, and q changed during 13

dqo i" stomge ar€ presented in Figufes 8.3 and 8.4 respectively. The rate of

increase in CO2 in the 30:70 treatment was sþnificandy greater than for the

other thrce tr€atments from day 4 onwarrds, and the increase in O2 in the

O:70 treatment was significantlygr€ater than the 3Oz2L and 0:21 treatments by

day L3. The raæ of decrease in the level of O, slowed aÍær day 7 f.or the

30:21andO:21 treatments and was sþnificandyless than the decrease i" q i"

the other two treatments from day 10 onwa¡ds. The decrease in q for the

30:ZO treatment wes significandymore than tlre 0:70 treaünent on day 10, but

'was not so evident bydayL3.

Approximate RQ values for all four treatments from day t to day 7 werc

close to one, with the averages for the 30:70 and O:70 Ueatments around 1.3

and for the 30:21 and}:2\ treaünents around 0.9. From dayT to day 13, the

RQ valnes for the 30:70 and O:ZO treatments wet€ litde changed, at
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approximat€ly t.2 aadO.8 respectively. The approximaæ RQ vdue from day

7 to day 13 for the 3Oz2L trcarnrent was a¡or¡nd 18 and for the 0:21 treatment

was a¡ound 10 and rhese values wel€ much larger than for day t to day7 for

the same treatments.
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Figure 8.2. The concenrration of CO, (O ) ulr¿ O, (C) ) inside bags of minimally processed Chinese cabbage cv. Yuki' during storage at7"C. Initizl

atmosphere treatmeûts, as indicated, were applied on Day 0 of the storage pedod. The balance of the gas in each treatment was made up with Nr.

Values 
^re 

meaf,s of 10 bags. Bars represent the standa¡d error and points with flo bars have standard efrors of one or less.
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Figure 8.5. The average quality ratings of minimally processed Chinese

cabbaç cv. Yuki' stored at 7"C in bags ''vith different initial atmosphere

treatments as indicated. The balance of the gas in each treatment was mâde

up with Nr. A rating of 5 indicates good quality and z rating of 1 indicates

poor quality. Values are means of 10 bags and bars indicate the standard

effof.

The quality ratings of the minimally ptocessed Chinese cabbage in all foru

treatrnents decreased duting storage for 74 days at 7'C (Figure 8.5). The

greatest decrease occurred for treatrnent30;27,which averaçd 1.3 by day 74,

and the least for treatment 0:70, which avenged 4.0 by the same day. The

mean quality for all atmospheres was rated at 5 Íor the first three days and

remained above 4 until day 10. Almost all the deterior¿tion in quality
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occr¡rred after 10 days and was slower for the 0:70 and 0:27 teatments than

for the 30:70 and 30:21 treatnents. Browning of cut surfaces, texture loss,

and yellowing were the main causes for the decline in quality ratings €þ."

S.6). No microbial spoilage was observed in any of the treatments over the

storage period and only a small number of black specks were detected.

Figure 8.6. Minimatly processed Chinese cabbaç cv. Yuki' Ieaves aftet 74

days storage in activeþ modified atmospheres at 7oC, showing browning of

cut surfaces, texture loss, and yellowing.

Sampling of the intemal atmospheres on day 14 revealed that only the 0:70

treatment was free ftom off-odours. The 30:70, 30..27 md 0:21. treatrnents all

had alcohol- and methane-like odours to varying degrees as well as a 'rotten

Chaþter 8 - MldüedAtnorphen Packagin¿ of Mininaþ Prvca¡nd Chine¡e Cabba¿e 151



cabbage' odour.

Chinese cabbage.

The O:70 tr€aünent had an odour similar to that of fresh

8.4 Discussion

The aim of this e4periment wes to investþaæ the usefulness of actively

modified atmospheres for the storage of minimalty processed chinese

cabbage cv. Yuki' and, in particular, the effects of high concentntions of ot

and/or@, compared to air. The minimallyprocessed chinese cabbage was

stored in rhe modified atmospheres inside EVA-PVDC barier bags to

minimise gas exchange with the external atmosphere'

The increases in Co, Ievels and decreases in O, levels in all four tr€aünents

were due to the respiration of the minimallyProcessed chinese cabbage' The

30:70 treatment had the largest increase in CO2 suggesting that the respiration

rate of the cabbage stored in rhis rreatElent mayhave been hþher than in the

other treatmena. Fúgh levels of @r, generally gr€ater tJtan 20o/o, can cause

irjrry (Flerner, t987; Kader, L992t) and increase the incidence of some

physiological disorrden, such as inærnal browning in cabbage and surface

blemishes on rofnâroes 0("ys, tggt). \üang (1933) reported that chinese

cabbage exposed to 4Qo/o Co, atmosphere for 10 dap showed an increase in

decay a¡rd deduced that chinese cabbage was sr:sceptible to injuryfrom hþh

@, levels. Daly and Tomkins (1993) sildied the storage life of chinese

cabbage heads in controlled atmospheres of 5o/o ca2 z 5o/o orand 10o/o @, :
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Leo/o O2and concluded that increased losses, due mainly to bacterial rots'

could be atributed to the relatively hþh levels of Co, compared to the

controls. It is possible, then, that the elevated co2 in the 30:70 trcaffi)ent in

the current studymayhave injured the minimallyprocessed cabbage resulting

in an increased respiration rare (Flerner, 1982; Kays, Lggt). lVIaJ'-J:JtouÍ A aI

(lgsg) reported an increase in respiration filte coinciding with observable

tissue injuries in broccoli stored for six weels at loc in atmospheres of 10o/o

The differences in the levels of Co, and o, between the 30:70 ar](J 30:21

rrearmerrs can be explained bythe difference in the initial o, concentration'

Lo* o, levels suppress aerobic respiration (\üøeichmann, L987; Kap, 1991;

\trrls ø aI, LggS) so as the concent¡:rtion of o, in the 30:21 trcatment

decreased so did the respiration rate of tÏe cabbage in that tl€atment' masking

any increase in respiration due to injuries carxed by the hah @r. In

addition, the decreasing amount of O, found forthe 3Oz2ltreatment fromday

7 andthe o:21 (control) treatfrEnt from day 10 also increased the risk of

a:raerobic fermentation. 'Ùlhilst O, levels below 2o/o ate conducive to

anaerobic respiration (\øeichmann, tg87) the critical concentrîation of O,

below v¡hich anaerobic respiration proceeds is dependent on m fry facton

such as respintion ÍÌte, temperatur€,length of exposure, and the level of Cot

presenr (vÍiß a aI,199S). vtrole chinese cabbage have stored well for up to

120 dala in controlled atmospheres of 2o/o @, z 2o/o 02 füreichmann, 1981;

Daly and Tomkins, 1993) and for as long as five montls n to/o orandg9o/o
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N, 0ll*g, 1983; Vang and Ji, 19SS)' This suggests that in the presence of

low levels of Co, the critical o, concentration m^y be less than 2o/o and in

the absence of @, maybe less than 1olo'

The presence of alcohol- and methane-like odours in the 3O:2L anð 0:2t

(control) üeatmenrs at the end of the storage Petiod suggests that anaerobic

respiration had resufted as a conseqr:ence of the low o, concentrations. FÍgh

RQ values are indicative of anaerobic respiration (Kader, 1987) and the

approximate RQ values determined for these two tr€aünents, 18 for 30:21

and 10 for o:2!,fromday1 ro day13 support this idea. Another conuibuting

factor to the off-odoun in the 3O:7Q and 3O:2!, and perhaps even the 0:21,

tr€arfnenrs may have been the hbh @, levels (I{ernet, !987; Kays, 199t)'

\Lng (1983) reponed off-odoun from v¡hole chinese cabbage treated with

3Qo/o and 4Oo/o @2for 10 days prior to storage and Lipton and Flanis (1974)

found that broccoli stored in 1Oo/o @rat5oC and lïo Cz: lOo/o @, at 7 SoC

for up to 20 da1's developed "unpleasant" odours'

Most of the deterioration that occuned in the quality of the minirnalty

processed chinese cabbage took place in the last four days of storage' Prior

ø day 10, deterioration was evident as browning of cut surfaces and some

pllowing, but afær day 10 there was a marlad loss of te)cure' particularly in

the 30:70 axÅ 3o2l rreatÍEnts, and increased amor:nts of browning and

yellowing. The greaæst amounts of æxtr¡re loss occurred in the treatflEnts

v¡here Co, levels became hþher than q levels and only the cabbage leaf
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pieces in the O:70 treatrrEnt, v¡here Ot and @2 weÍìe of similar

concentrations at day 13, reained crispness and good texture. Ag"itt' thit

suggests that elevated co2 concentrations may have caused damage to the

Chinese cabbage tissue, in this case, in atmospheres qihere tht O, level is

lower than the Co, level. Inhibition of respiration byhþh levels of Co, can

lead to a build up of acetaldeht'e and ethanol" in " simil¿r manner to

anaerobic fermentation, causing damage to tissue and affecting cell

membranes (Kader, 1987; Ka1s, tggt)- Beaudry $993) rcPoned a linear

cor¡elation between ethanol concentnrtion and respiratory quotient ßQ) of

bluebenies stored r:¡rder increasing levels of @r, which indicaæd that the

increase i" RQ was due to @r-induced fermentation. Ifth @t levels are

lçnown to affect mitochond¡ial activity in apples, resuking in the suppressed

oxidation of several substrates including citrate, Pyruvate' succinaæ a¡rd

NADH (Shipway and Bramþe, Lg73). This was swgested to cause an

accumulation of organic acids in apples and other fruit stored rurder hþh

@2. Shipway and Bramlage (tlZl) found the effect of hþh @, on

succinate and NADH oxidation to be progressive with time and irrevenible,

suggesting pennalent damage to the mitochondria. Similâf consequences of

excess @, mayhave occurred in the minirnâlly processed Chinese cabbage

leaves in this snrd¡ leading to the brealsdown of cell membranes and tissue

structnl€, and an overall loss of rcxh¡rc.

The low incidence of black spech also lmown as gomasho, found in this

snrdy is due to a hþh level of tolerance shov¡n by *. Yuki' (Daly and
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Tomkins, 1998) and the modified atmospheres had no effect on this auribute.

lhe absence of anyvisible microbial spoilage could be due to washing the cut

leaves in chlorinaæd waær prior to b"ggitg, but it is also possible that the

alæred storage atmospheres suPPressed the gncvtl of any microorganisms

prcsent. I&h @, levels are known to inhibit pathogen activity (Daniels ø

aI, L985; FIemeç 1987; \ffrlls ø aI, t998) v¡hilst the effect of hþh O,

concentntions on various microorganisms has had mixed resuhs

(Arnanatidou d dI, Lg99). Amanatidou a aI (L999) for¡nd that combinations

of 8G9O lo 02 and 1G2O o/o @rproduced stronger and more consistent

inhibitoryeffects on dl of the 10 microbial species studied compa-red to Ot or

@, alone. 'Wszelaki and Mrcham (2OOO) reporæd that extremelyhþh levels

of q (close to 1OO 7o) were effective in controlling decay in strav¡benies

caused by BAAtis cirÊrea,but were little betær tlran combinations of' t5o/o @,

with 4Oolo O, o, ù and had advene effects on qudity. \Wîthout anytangible

evidence of microbial spoilage, especially in the control' the effect of the

different storage atmosphere üeatments on pathogen activity in the bags of

minimallyprocessed Chinese cabbage could not be assessed'

The anaerobic conditions produced in the 3Oz2L and 0:21 treatments in the

latter sages of storage pose a potential risk for the grovzt.h of anaerobic

pathogens. Several microorganisms, such os Qsaidùnn' funi)arr4 ListsriL

rmqryra, and Yasinia M.itiø., can grow in atmosphenes with litde or

no Or, at low tempeffures and in elevated Cor, and are capable of carsing

disease in humans (Farber, tggt). Ffrgh levels of q, either alone or in
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combination with @r, remove the risk of anaerobic conditions and therefore

suppress the growrh of oblþate anaerobes, such as C fu¿inry and can also

inhibit the growti of several faculøtive anaerobes. Amanæidou a al (1999)

reported an increased lag phase in the grovzth of. L. nnrrc¡qzø and Salrmdk

typbimøim.r:nder 9}o/o O2,and a reduction in the grovnh rate of Ertafuner

aglurzranunder 80o/o 02 atd2}Vo @r.

The other major influence on the quâlity of the minirr¡ally Processed Chinese

cabbage and on the changing atmospheres was the stôrage temPerahrfe' The

optimum ternperatufe for minimally processed fruit and vegetables in

modified atrnosphere packaging is dependent on both the respiration raæ and

sensitivity to chilling i"j"ty of the commodity. Low temperatul€s are

considered necessa¡y for storage of minimally processed produce (C"ro"ll"

L992; YÃtey, tgg4) and strict tempeñ$ul€ maintenance is required for

modified atmosphere srorage and packaging (Kader, L992a; Reid and Sereþ

Lggg). The recommended tempenrflu€ for minimally processed Chinese

cabbage in modified atmospheres is ooc - 5oc (Gomy, 2001). Kim and

Klieber (lgg7) found minirnally processed Chinese cabbage had a longer

sronge life in air at ooc than at 5'c Packages of minimally processed fruit

and vegeables are wlnerable to temPefttture abuse úüing handling,

rransponadon, srorage, and reailing (GnwelJ, t992;\liey, !994;Srhva et aI,

1999) andthis can affect the atmosphere inside the package and ukimaælythe

qualiry and shelf life of the produce. Va.roqr:au:r and \frley (1994) suggested
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that investþations into minimallyprocessed produce should be conducæd at

tempeftrtul€s between 8" and lOoC because of the prevalence of æmperature

abrse. The storage temperafir.re of.7"C used in this study was hþher than

recommended for chinese cabbage and may have influenced the respiration

rates of the leaf pieces and therefore the rate of change in the atmospheres' A

lower storage temperature is lilalyto have slowed respiration and delapd the

depletion of O, in the 3}z2t and O:21 treatrrrenr. Rosenfeld d aI (L999)

reported that storage temPer¿ûre had the most influence on the decrease in

Or levels in modified atmosphere packages of bluebenies, with O, decreasing

sooner at !2"C than at 4oC regardless of package fiLn type or initid

atmosphere.

8.5 Summary

Modified atmosphere packaging of minimally processed Chinese cabbage

incoryorating tugh levels of o, *d low levels of co2 mayltave advantages

over packaging in aif or in gas mixrurcs with high @, levels. Ffgh ot

concentrations in the initial atmosphercs wer€ not depleæd afær 13 dalc in

stonrge, thrx avoiding anaerobic respiration and the related risk of grovn.h of

anaerobic microorganisms. I&h @, levels contributed to the off-odours

enconntered in the 3Oz7O,3Oz2L andO:21 treatments and also had a role in the

deterioration in qrulity of the Chinese cabbage stored in these trcaünents'

Based on visr¡al assessnrent, none of the storage atrnosphere U€aünents

affected the grcvnh of decaypathogens.
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Chapter 9

9 GENERAL DISCT.JSSION

The fuian vegeable industryin Australia is expanding, *ith production value

and grower numben increasing more than lOOo/o since 1995 (Anonymor¡s'

2OO3). Chinese cabbage makes up a considerable portion of the indr:stryand

is grown commerciallyin all sates excePt Tasmania. The multiculrural natufe

of the Australian population and the popularity of ethnic-based cuisine have

resuhed in a strong domestic mar[et for Asian vegeables such as Chinese

cabbage. Export markets are also important, with Chinese cabbage rnaking

up almost all of the Asian vegeables exported each year (Anonymous, 2003)'

Postharvest h*dlittg of Chinese cabbage, as is the case with most

honicultural produce, is an imponant factor in the m¿inænance of qudiry

until re1¿il sale and, therefore, economic retruns to the producer and

v¡holesaler. Problems encountered with chinese cabbage after production are

similar to those for other leafy produce in Australia, such as mechanical

damage during harvest, handling, and transport' incorr€ct or inconsisænt

tempenrtu¡e conditions for transport and storage, and the development of

disonders and microbial infections. In a recent rePort (Anonymous, 2003)

cool chain brealsdown, leading to qualiry problems, was identified as one of

the weaknesses in Australia's fuian vegetable industry. These problems also

affect the expon of chinese cabbage, v¡hich is mainly to singapore, Hong
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Kong, and Taiwa¡, and some shipments in the Past have been rejecæd

because of posthawest disorders. Short storage life of Australian-grown

product was cited as one reason, along with competition from other countries

and low prices, for the decline in e>çorts of Chinese cabbage from'\üüestern

Australia overthe Past 10 years (Anonymorx,2003)'

Compared to Australia, the emphasis placed on postharvest handling and

technology in China is lov¡, and postharvest losses of Chinese cabbage in

sorne ar€as can be 
"s 

hlgh as 600/o (tüØ*g and Bagshaw, 200Ð. Most of these

losses a¡e due to mechanical damage, weþht loss, and disease during storage

and transport (Süang and Bagshaw; 2OO1) (Figure 9.1). The majoriry of

postharvest storage is still traditional such as in pits or covered ditches in

fields (Figur€ 9.2), orin "convend.onal warehouses" (Feng,2OOL), afthough in

the Beijing area approximately lOo/o of stored Chinese cabbage is kept in

rempenrur€ controlled coolrooms @heng d dI, 2OOL). Rough handling'

overloading of trucls FiSo* 9.3), and the laclç of suiable packaging and

refrþrated transpolt are the main reasons for mechanical damage and weþht

loss of fresh marlcet Chinese cabbage Øh"ry d dl,2OOL} Chinese cabbage

destined for e4port is generally hândled better, b.ittg precooled, packaged,

and Lept at low remperîarures prior to shipment @heng d dl,200l) .
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Figure 9.1. Bundles of rotting Chinese cabbages on a truck in rural China.

Figure g.2. Al example of pit storaç for Chinese cabbage tn a' farmels field

in rural China.

Figure 9.3. A small truck ovedoaded with Chinese cabbage in rural China.
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There were two rnain aims for this research project. The first was to

investþate the effects of various pre- and Post-hâvest facton on the

posthanrest condition of Chinese cabbage in order to address some of the

problems encountered by the industry in Arstralia. Problems included the

postharvest disorder, Parchy P^Wry Necrosis, and how to prolong

storage/shelf life whilst maintaining quâtity. The second aim was to exænd

the general knowledge of the postharvest phpiology of this increasingly

popular Asian vegeable. Most of the ea¡lier resea¡ch on Chinese cabbage in

Australia had concentraæd on production issues, such as nut¡ition (McKay'

lggg; FÍll, 1990), cuhivar performance, and field diso¡ders þgers ø a/,

1989). A notable exception was the wor{< conducted by Daly and Tomlçins

(1998) that included investþations into storage and some asPects of

posthawest quality and pþaiolo gy.

An investþation into the best time of day to harvest Chinese cabbage

revealed that there arc no consequential differences between cabbage heads

harvested at various times during the day. Cabbages harvesæd and left for

half-an-hour during the honest part of the day, prior to cooling, suffered no

ill effects compared to those har¡esæd wlren tempenfur€s were cooler' This

nrcans that harvesting can be caried out v¡henever it is most convenient for

the producer in order to relay the heads to market. Any benefiA of

harvesting in warmer t€mperarurcs, however, must be weþhed agairst the

increased costs of cooling the cabbages afær harvest. Further investþation

found that there were significant differences in temperaÍtre fluctr¡ations
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between the inner and outer leaves, identifying the important role of the large

ourer or wrapper leaves in protecting the cabbage head from extreme

tempenturcs. The wrapper leaves are generallyremoved at harvesting and so

do not influence the posthaniest life of the cabbage.

The effeca on the posthanrest behaviour of chinese cabbage by intermitænt

water stress during growth were investþated. Some plant species are known

to become acclimatised to water stress making the* betær able to wittst¿nd

subseqtrent stresses (K"y", Lggl). The water stâtt¡s of leaÍy vegetables can

affect posthanrest issr.¡es such as weþht loss (Friø and \Teichmarur, 1981) and

the rate of senescence (Lipton, lg87). The intermittent *"*, ,ris

tfeaüuents had no effect on any of the postlanrest assesssrcnts, including

water status imnædiatety after harvest and weþht loss during storage' It is

possible ttrat the treaüÌrent app$ng the most stress was not sufficient to

evoke a response. It may also be that the Chinese cabbage Plants emplopd

one or more mechanisms to either avoid or tolerate the lack of water' A

snrdy by Iæviu (1935) suggests that, in cabbage (Brassirø døaæøY^r. Øpirãø),

the older leaves act as a source of waær and solutes for the rest of the plant

dudng drought and arc the fint to wilt and die. In this study, it is not possible

to say v¡hetler or not the oldest leaves of the Chinese cabbage plants aa

similarly to those of the cabbage Plants, or v¡hether they showed *y effects

of water stress, as they werc trimmed off at harvest and not included in the

posthanrest evaluations.
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It has not been possible to determine from this study the r€asons for the lack

of effect by the intermittent water stress treatÍrcnts. E>çeriments imposing

harsher water deficits in controlled situations, e.8. h greenhor:ses or under

cover, may reveal more information regarding waær/plant rel¿tions in

Chinese cabbage.

lvlany studies have shown that Chinese cabbage can be stored for long

periods of time at low temPenttures, afthough resufus vary between different

cuhivan (Flansen and Bohling,lgSL;Apelând, L984a; Gajewski and Skapski,

Lgg4;DaJy and Tomkins, tg98). some cukivars develop chüing ioj"ryif

stored at verylowt€mPeranJr€s, such as 'Flectot' and Tksumi II'vzhen stored

ar OoC for seven weelçs (D"ly and Tomkins, 1998). In the same study' the

cuhivar Yuki'did not develop the brown mi&ib symPtom of chilling itj,try'

but did develop other qrmptoms of a disorrder named PatchyPaperyNecrosis

(PPl.l). To further investþaæ this disorder and to leam more about the

postharvest physiology of Yuki', an experiment e)ramining the effects of

. 

different storage temPentfl¡¡€s was undertaken. C-omparisons between

storage at2)"Ç2"Ç and OoC reinforced the importance of lowtemperTlnues

for prolonging postharvest life. It was found that Chinese cabbage cv. Yuki'

has low raæs of resplation and eth/ene production compared to many other

leafyvegetables, even when lrept 
^t 

20"Ç rnaking it well suited to long term

storage or e>q)ort via seafieþht.
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The disorder, PP\ as described byDaly and Tomkins (1998), was detected

in cabbages used in this investigation. Differences in the presence and

severity of the symPtonrs of PPN at the th¡ee different storage t€mPeñltures

led to the concfixion that this disorder is æmperatr:re relaæd. It is most likely

a form of chilling ittjrrry, even though the PPN Ð'mPtorns a-re different from

those previouslydescribed for chilling i"j"tyi" Chinese cabbage' Differences

between cuhivars in the pr€sentation of symptoms of chilling i"i.,y is not

unusua! with apples, peals and poatoes being well Lnown examples

@ramlage and lr¿feir, L990).

It¿fechanical damage caused by poor h*dlittg practices and l¿ck of suiable

packaging contributes to postharvest losses of Chinese cabbage. In Australia,

Chinese cabbage is a moderatelyvaluable crcp, with heads reailing for up to

AUD4 each, and is usuallyhandled and packaged with care. Chinese cabbage

sells for as licle as the equivalent of ZO Australia¡r cents in China's dorrrestic

marlets, so little emphasis is put on ca:æfu| h*dti"g or cosdy packaging'

It¡Iechanical damage was responsible for uP to 360/o of. postharvest losses of

Chinese cabbage by the time the heads reached retail markea in easæm-

central Chinâ |V*S and Bagshaw, 2001).

An experiment was conducted to assess the effects of some types of

mechanical damage on the postharvest ph aiology of Chinese cabbage and to

r-ndentand howthis contribuæs to posthawest loss. Vound tr€atments were

desþed to simulate A¡xtralia¡r handling practices and were considered mild
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compar€d to those reported from China. The postharvest physiology of the

Chinese cabbages was little affecæd, and almost no changes in respiration and

ethylene production were detecæd. This endorses the importance placed on

good posthawest handling practices in Australia and shows that Chinese

cabbage will susain onlyminor losses vtren handled correctly.

Ethjlene, v¡hich is produced by tll vegetative rnatter' is known to Promote

senescence 0w'tllr ø dI, Lggg). l-metþicpþropene (l-MCP), a gaseor¡s

compound that inhibits the effects of etlylene in some horticultural species

(serek d dI, LggstSisler ø aI, L996b; Golding d dI, LggS; Porat d 41, L999),

was tested with Chinese cabbage cv. Yuki' to determine its effect on

posthawest life. Fumigation with 1-MCP did not have any beneficial effects

on the postharvest li[e, but a possible str€ss r€sPonse was deæcæd in heads

treated wirh 1.0 and 0.1 pL.Lt 1-MCP direcdy afrer fumþation. It is,

therefore, not recorr¡mended for use as a postharvest treaünent for Chinese

cabbage cv. Yuki'. The low levels of ethylene produced by the cabbages in

previous experiments, together wirh rhe lack of beneficial effects from

treatrnent with I-MCP, suggest that ethylene does not Plav tmajor role in the

senescence of chinese cabbage cv. Yuki'. It is lilalythat other facton, such

as the depletion of enerry substrates, influence the progression of senescence

in Chinese cabbage. In a snrdy of the postharvest physiology of pak choi,

Itble ø aI (1999b) forurd thar senescence was conelaæd with the depletion of

soluble swars and the degradation of proteins. \Øang (1983) noftd a
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considerable decrease in sugars, particularly fructose and ghrcose, in Chinese

cabbages stored for two montls at OoC but did not relate this to any

ÐTrnPtoms of senescence.

Another posthanrest tfeatment used for prolonging storage life and

mainaining qurlityit controlled atmosphere (C,A) storage. Due to spatial and

æchnical limitations, the evaluation of cA srorage on q/hole chinese cabbage

heads was not possible, so a smaller scale experiment rsing minirnâIy

processed Chinese cabbage stored in bar¡ier bags with actively modified

armospheres SrdA) was conducted. A previous snrdy had identified chinese

cabbage as a good candidaæ for minimal processing (Kim and Kliebea 1997)

and atmospheres with varior:s levels of Q "nd 
@, had been æsæd with

whole Chinese cabbages (Weichmann, 1981; \7ang, t983;Dalyand Tomkins,

1998). Encou:aging resuks from recent studies using super-atmospheric

levels of Q to inhibit microorganisms and avoid anaerobic conditioru

prompted the inch:sion of super-atmospheric 02 levels in this investþation.

Chinese cabbage cw. Yuki'performed well as a minimallyprocessed product,

storing for up to 10 dals atTocwith little deterioration in qr:aliry' \Whether

MA packaging of minimatty processed Chinese cabbage would be successful

in the marlcet place, however, depends mole on such factors as its value as a

commodity, its tolera¡rce to a range of temPeftltu.res and gas concentftItions'

and v¡hether it can be stored jr:st as well in 
"it Nft[t d aI,7998).
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The minimalty processed cabbage leaves stored betær in the atmospheres

with no Co2 and either 2!o/o or 7Oo/o 02 than in the atmospheres with 30olo

CA. This suggesa that storage atmospheres with htgh Ot concentrations

and litde or no CO2 maybe better for Chinese cabbage than conventional CA

storage utilising hbh Co, levels. Further sudies would be needed to evaluate

these atmospheres for storage of v¡hole Chinese cabbage heads, but if found

beneficial could be of use for exporting via seafreþht. Any fun¡æ

investigations would also have to address the safety issues involved i" *iog

la¡ge quantities of hþhlyconcentrated 02.

One of the main conclusions from this snrdyis the importance of the qudity

of the Chinese cabbage ar han¡est and how that influences the postharvest life

and storability of the heads. In each sepa¡ïrte investigation it was found that

damage caused by field pesa and disorrden had a subsantial impact on the

quality of the heads prior to storage. Gterpillars, aphids, and sþs were the

predominant pests found on and in the harvested heads, and tipbum was the

major disorder affecting the cabbages in the field. \übilst damage for the

most paft was confined to the ouær layen of leaves, sevel€ cases of tipbum,

and some of the more voracious pests, were able to affect leaves funher

inside the heads. The extent of this damage on particular crcPs was

evidenced in their hgh q*lity scores and large amounts of trimming loss

prior to stonge. Fun:¡e sttrdies to quantify the impact of the various pests

and disoders rnay be helpful for directing quâlity improvement strategies'
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Tpbum resisant varieties need to be developed a¡d growe$ must be dilþent

in the application of pest control fneasures to ensure better quality heads for

exPort or for storage.

Differences between cuhiva:s a¡e a factor not only in production, but also in

postharvest performance. A comparison of some of the resulc from this

study, in panicular those reganding storage tempennu€s, with previor.rs work

rcveals that d,ifferent cultivars may require different storege temperanrres and

that some may stor€ for longer periods than others. The deveþment of

PPN in cuhivar Yuki' at OoC and 2"C indicaæs that the rccommended

srorage rempenlrure should be greater than 2'C AP"lr"d (198aa) rePofted

that there were differences in the length of storage et O"C before chi[ing

i"j"ry was observed for tb:ee cukivan, "$üR Green 60" 'Tlrp Top' and

.Treasu¡e Island" and suggesæd that each cuhivar had a differcnt critical

tempeftrflrrc for chilling i"i"ty. This indicaæs that chinese cabbage cuhiva:s

selected for seafieþht export and for long-term storage should be æsted for

the appropriate tempentures to preclude losses from chilling i"j"ty. Cuhivan

that are not suited to lengthy stoftrge could be grown for fresh rnjaflets'

Scientists at the Beijing Vegetable Research Gntrc fePort that 'Summer'

Chinese cabbage cultivan, v¡hich are becoming popular in China, have hþh

initial rates of eth/ene production and can only be stored. for seven to ten

d"y" w.Li, Beijing vegetable Research cæntre, Pers. coflrlll, 2001). These
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cuhiva:s are of the open, semi-heading type of chinese cabbage, v¡hich is

different to the heading type such as cukivar Yuki'r:sed in this study'

Resuhs from energr substraæ assessrnents in this study hþtrlþht the

differences between leaves from different areas of the Chinese cabbage head

and also the core. Fügh sucrose levels for¡nd in the core tissue could be used

as a source of energyfor the remainder of the head during storage' Cuhivals

with large col€ to leaf ratios rrrzy b better suited to long telm storage or

e4port, and this trait could be selected for v¡hen breeding cukivan especially

for these pu{poses.

other compositional differences have been identified between leaves

ttuoughout Chinese cabbage heads, such as differences in ascoröic acid

content (ICieber and Fra¡rklin, 2OOO). This stresses the need for assaying

different leaf or tissue samples in leafy vegeøbles such as Chinese cabbages,

a¡rd the inappropriateness of averaging Íæasul€nrcnts or daø for v¡hole

heads. \¡íhilst the latær may make for easier reporting, the former gives a

clea¡er indication of the complex narufe of the posthaffest life of the chinese

cabbage head.

The findings of this study will be rxeful to nrâny involved in the chinese

cabbage industry even though the rcsula are specific to cuhiva¡ Yuki'' The

importance of production issues, especially rcsista¡rce to field disorrden and

conffol of pests, and their effect on the qualiry of the harvested heads is
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emphasised. Also, grov¡ers should be awa:e of the protective function of the

large wrapper leaves and can use this to their advanAge v¡hen hanresting in

varior¡s climatic conditions, especially v¡hen cooling is not immediately

available. Vtrolesale and reøil ma¡lçeærs and e4porters ar€ advised of the

importance of low tempeftltures for prolonging storage time and maintâining

quâtiry, but must be aware that differcnt cuhivan may require different

remperarurcs ro avoid chiling i"j"ty. The emphasis placed on ca:eful

handling and packaging in Ar:stnlia is jr:stified in the case of Chinese cabbage,

resuhing in minirnal Posthaffest losses. This is in contrast to the siruation in

Chinâ, v¡hich would benefit from the introduction of improved posthanrest

æcbnology. The r:se of the etþiene inhibitoa I-MCP, is not recommended

for Chinese cabbage cv. Yuki'afthough it maybe beneficial for cultivars with

hþher rates of ethylene production. N'fnirnally processed Chinese cabbage

stored either in ù or in hþh Oz modified atmosphere packaging, has

potential as a value-added, convenience product, but is reliant mofe on

marketing factors rather than postharvest factors for strccess.

Several issues examined in rhis snrdywould benefit fiom furtlrer investþation

and some findings indicate arcas for futu¡e research' Continued investþation

into water relations of Chinese cabbage, in particular the effeca of waær

deficia during growth, could identify drought tolerance mechanisms or traia

that may help in the development of drought tolera¡rt cultivan ot m y

provide information to improve water-use efficiency of cunent commercial

cuhiva.rc
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Research into breeding new cultivars resistant to field disorders, especially

tipbum, would be beneficial as would research into betær control of field

pests. Grltivar Yuki' used in this snrdy is resista¡rt to clubroot, but is only

tolerant to tipbum and this was not sufficient to Pr€vent the sometimes-

severe symptorns of tipbum. Integraæd pest manageÍEnt may offer

improved control of pests over purely chemical nleans and is woth

ülvesûgaüng.

C-ontrolled atmosphere storage using elevated 02 levels and/ or no @2 nzy

have poæntial and requires assessment of q/hole heads stored in consta¡rt

armospheric conditions. Lower levels of Q th"tt used in this snrdy rnay be

sufficient if the levels are steady and the CQ levels are Lept low or absent'

This rnay also minimise the fire hazzrð'involved vzhen using ox¡gen-enriched

atmospheres.

Future research into modified atrrrosphere packaging QvIAP) of minimally

processed Chinese cabbage needs to identify the corrcct packaging fihn

required to mainain the desired levels of atmospheric gr..r.t In this study,

banier bags with very low permeability were used to e:ramine the effects of

the changing gas levels on the minlnally processed cabbage leaves. If

minimalty processed Chinese cabbage is to be stored in air or in modified

atmospheres, pacLaging films of differing permeabiliry will be required to
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keep the atmospheric gases at the correct concentratiofis' C-onsideration

should ato be given to films that perform over a range of temPeç¡tur€s'

fury further research into these issues will provide information tlat will be

useful to those involved in the Chinese cabbage industry. Improved cuhiva:s,

better quality heads at harrest, and refined posthawest trcatflrents are all

desirable outconres from futr::e investþations. The resuks from this study

have added to our knowtedge regarrding the posthanrest phpiology of

Chinese cabbage and will be of hnefit to both the locd and global industries.
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Harvesting at different times of day does not
influence the postharvest life of Chinese cabbage

A. Klieber*, K.L. Porter, G. Collins
Depañment of Horticulture, Viticulture and Oenology' Adelaíde University'

Waite Campus, PMB I, Glen Osmond, SA 5064' Australia

AccePted 15 APril 2002

Abstract

Chinese cabbages cv. 'Yuki' were harvested at dawn, mid-morning, midda¡ mid-aftemoon, and

dusk, and cooled either immediately or after a half an hour delay, to determine the effects on

posthawest life. Temperatures during harvesting ranged from 6.1to2l.5 oC. Water status levels were

ãetermined immediately after harvest and then heads were stored at 0 'C with destn¡ctive ¿¡ssessment

for trimming loss, chlorophyll fluorescence, quality, and energy substrate levels after 0, 3' 6' and 9

weeks. Results indicate that harvesting at different times of the day and the half an hour delay in

cooling did not affect any of these postharvest parameters of Chinese cabbage. This can be att¡ibuted

to the protective function of wrapper leaves that a¡e removed at harvest'

@ 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chinese cabbage; Harvest; Postha¡vest; Storage life; Quality; Energy substrates

L. Introduction

Early morning is generally considered to be the best time of day to harvest vegetables, as

üre water status of produce is high and the temPerature and respiration rate a¡e low

(Thompson, 1996; Wills et al., 1998). This is thought to be favourable to maintain quality

of proãoce and prolong postharvest life. For leafy vegetables, however, it has been

suglested that harvesting be carried out in the late afternoon, when leaves a¡e less turgid

-á1herefo." less likely to be damaged (Phan, 1987a). Energy substrate levels at this time

of the day are high, and this has been associated with long storage life in lettuce and

cabbage (Lipton, 1987).

' Corresponding author. Tel. : +6 I -8-8303-6653 ; fax: *6 I -8-8303 -7 1 16'

E -mail addre s s : and¡eas.klieber@ adelaide.edu'au (4. Klieber)'

o3o4-4238102t$ - see fronr mattef @ 2002 Elsevier science B.v. All rights ¡eserved.
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Chinese cabbage (Brassica campestis L. ssp. pekinensis (Lour.) Olsson) is a leafy

vegetable that forms a densely packed head. Ha¡vested heads store well for long periods at

low temperatures, but can be prone to va¡ious postharvest disorders such as gomasho and

chilling injury (Daly and Tomkins, Undated; Gajewski and Skapski, 1994; Hansen and

Bohling, 1981). This study was conducted to investigate whether the length of storage, the

quality, water status, or energy substrate level of the cabbages is influenced by the time of

day of harvest or by delays in cooling of the harvested heads.

2. Materials and methods

2.L Harvest time and holding period

For this experiment, a crop of Chinese cabbage cv. 'Yuki' was grown at the Ovens

Resea¡ch Centre in Victoria, Australia, using cultural practices developed previously

during production trials. The crop consisted of th¡ee adjacent raised beds containing two

rows of approximately 120 plants each, giving atotalof Tz}plants. The crop was harvested

on 4 May 1999.

2.L1. Treatments
Prior to harvesting, the raised beds, each representing one replicate, were divided into 10

plots each containing a similar number of cabbages suitable for testing. Ten ha¡vest

treatments, made up of five harvest times (dawn, mid-morning, midda¡ mid-afternoon and

dusk), each with two holding periods (cooled immediately and kept in the field for 30 min)

were randomly allocated to the plots in each bed as a randomised complete block design.

The cabbages were then harvested according to the allocated treatments, with 14 heads per

replicate harvested for each treatment. Harvest times and the corresponding air tempera-

tures are shown in Table 1.

The ha¡vested cabbages were packed into waxed ca¡dboa¡d cartons fitted with poly-

ethylene liners and were then transported, either immediately or after a 30 min delay, to a

coolroom, set at 0 'C, for cooling and overnight storage. One head from each treatrnent was

sampled to determine the relative water content. Three leaves from each head were

weighed before (fresh weight) and after (dry weight) being dried in a fan-forced oven set at

60 oC, with the relative water content being ascertained by dividing tl¡e difference between

the weights by the fresh weight and expressing the result as a percentage.

Table I
Time of day of hanesting and associated field ai¡ temperatue for Chinese cabbage cv' 'Yuki' grown at Ovens

Resea¡ch Centre, Victoria, and harvested on 4 May 1999

Treatment Time Temperature ("C)

Daw¡
Morning
Midday
Afternoon
Dusk

8.10 a.m.

10.40 a.m.
12.45 p.m.

14.45 p.m.

16.50 p.m.

6.1

16.8

20.3

21.5

17.9
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After overnight storage, the heads had cooled to between 2 and 4 oC. The cartons were

then palletised and transported, within 2 days, to Adelaide University, Waite Campus'

Unbrae, South Australia, in refrigerated road transport. Temperatures during transport

ranged between 2 and 8 "C. In Adelaide, each Chinese cabbage was placed in a separate

pe*orated polyethylene bag and stored, in cartons, at 0 "C. Three cabbages per replicate

from each of the 10 harvest treatments were removed from storage for postharvest

evaluation at 0, 3, 6, and 9 weeks.

2.2. Posthanest evaluation

Upon removal from cool storage, cabbages were weighed, trimmed of senescing or

damaged leaves to achieve a marketable standa¡d, and then reweighed. The trimming loss

was calculated by subtracting the trimmed weight from the pre-trimmed weight and

recorded as a percentage of the pre-trimnied weight.

The location and severity of visual symptoms of senescence (yellowing, browning,

rotting) ¿ind of pre- and postharvest disorders (tipburn, gomasho, pest damage, patchy

papery necrosis) were recorded. The severity of the symptoms was allocated a score,

b"i*""n 0 (none) and 10 (severe), that was weighted according to the importance of the

disorder in determining the quality of the Chinese cabbage. The total score indicated the

overall quality of each cabbage. Total scores of 0 (good) to 3 (average) indicated

marketable quality and scores above 3 (below average) indicated unmarketable quality.

The fluorescence ofchlorophyll in an outer leafofeach cabbage was measured, before

trimming, using a fluorescence induction monitor (EIM 1500, ADC BioScientiñc Ltd.).

Key fluorescence parameters of Fo (minimum fluorescence), F- (maximum fluorescence),

F" (variable component-the difference between F* and F"), and the ratio of F /F^ were

measured and used as an indication of the photosynthetic capacity of the leaf. As

chlorophyll degradation is a cha¡acteristic of senescence, reduced photosynthetic capacity

may denote the onset of senescence before visual symptoms are seen (DeEll et al., 1999).

The measurements were taken from an area in the uppermost portion of an outer leaf,

approximately I cm from the leaf margin and as close to the centre line as possible, that

had been dark-adapted for 20min prior to illumination. Light intensity was set at

1300 pM m-2 s-t and the reading was taken over 5 s.

The levels of sucrose, glucose and fructose in samples taken from cabbages harvested

at dawn, midday and dusk, and stored for 0 weeks were determined using an enzymatic

assay technique. Four samples from each cabbage (an outer, middle and inner leaf, and

the core) were frozen to -80 
oC, freeze-dried and then ground into a homogeneous

powder. Samples were deproteinised by adding 640 ¡rl 0.6 M HCIOa to 5 mg of sample,

mixing and then adding 360 ¡rl 2 M KOH. The mixture was centrifuged for 15 min

at 17,0009 and 750 ¡rl of the resulting supernatant was adjusted to pH 8.0 using 0.5 M
KOH and rhen diluted with an equal volume of milliQ water. Fifty microlit¡es (50 pl) of
this extract was used in an assay technique based on the Boehringer Mannheim Sucrose/

o-Glucose/o-Fructose Enzymatic BioAnalysis kit (Catalogue No. 716260). The levels of
sucrose, glucose, and fructose (*g g-t DW) were estimated from the absorbance of
NADPH at 340 nm measured in a Varian Cary 1 (IV-visible Spectrophotometer (Varian

Australia, Mulgrave, Victoria).

5
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2.2.1. Data analysis
All numerical data were analysed for variance using Genstat 5, 4th Edition for Windows

(Lawes Agricultural Trust, IACR, Rothamsted). Differences between treatrnents were

determined using least significant difference (LSD) at the 57o level'

2.3. Head temperatures in field

For this experiment, the temperatures at various points inside and outside mature

Chinese cabbãge heads were measured using temperature data loggers. Th¡ee Chinese

cabbage plants cv. 'Yuki' of uniform size and maturity and situated adjacent to each other,

were selãcted in a crop grown at Virginia, South Australia. Each cabbage plant was fitted

with five temperature data loggers (Tinytalk Temperature Datalogger, Gemini Data

Loggers, UK), with stab probes attached. Two probes were placed inside the cabbage

head, one at the base and one in the cent¡e. A third probe was placed under the leaves at the

top of the head, another was placed inside the midrib of a wrapper leaf, md one was

suìpended above the ground next to the cabbage plant (Fig. 3). Loggers began recording at

0.00 a.m. on 11 May 2000 and were removed from the Plants at 11.00 a.m. on 16 May

2000, and data from a representative day, 11 May, a¡e shown.

3. Results

3.1. Hantest time anà holding peiod

The relative water content of leaves from Chinese cabbages was not affected by the

harvest times or the holding periods, with averages around 94.7 to 94.8Vo (P > 0.05).

The amount trimmed from Chinese cabbages increased with the increase in storage

period from O to 6 weeks and then remained constant, at about2l%o,until week 9 (Table 2).

iti**ing loss at 0 weeks was 16To dueto aphid damage of the outer leaves. Trimming loss

was not affected by the harvest times or the holding periods (Table 3)'

Table 2

Trimming loss, quality score, and chlorophyll fluorgscence Palameters for Chinese cabbages stored at 0'C for

up to 9 weeks

Storage period (weeks) Trimming loss (7o) Quality scoreo F- r,

0
J

6
9

16.2 ab

2r.2b
24.9 c
24.8 c

0.7 a"

1.6 b

2.5 c

3.6 d

3644 a

3315 b
2902 c

2976 c

3028 a

2635 b

22t9 c
2214 c

" scores between 0 and 3 denote good (marketable) quality and scorqs >3 denote poor (unmarketable)

quality.' o údu", are means of 30 heads x three replicates and different letters in columns denote significant

differences using LSD (P:0'05).
" Data were ãnalysed after transformation using square root' with back-transformed means shown'
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chlorophyll fluorescence Parameters for Chinese cabbage hawesæd at

the field for different periods prior to cooling

5

Table 3

Trimming loss, quality score, and

different times of the day or kePt in

Harvest time Holding period

Dawn Morning Midday Afternoon Dusk 0h 0.5 h

Trimming loss (7o)

Quality scoreb

F*
F"

300

250

200

150

100

50

0

Dawn MiddaY Dusk 0 hrs 0'5 h¡s
cooling cooling

Ilan'est trcatmcils delay d.l"Y

Fig. l. Levels of three sugars in middle leaf samples øken from Chinese cabbage harvested at different times

during the day and kept in the field fo¡ different periods prior to cooling. Ha¡vest time values are means of six

headsx three replicates and cooling delay values are means ofnine heads x three rePlicates. Bars represent the

standard deviation for e¿ch value.

22.6 ao

2.2 a"

3238 a

2484 a

21.7 a
1.9 a

3095 a
2433 a

21.3 a

1.8 a

3215 a

2il7 a

27.6 a

2.4 a
3ll7 a

2470 a

21.8 a
2.0 a

3321 a

2484 a

21.5 a
1.9 a

3243 a

2461 a

22.1 a
11a

3115 a

2482 a

" Values are means of 24 heads x three replicates and different letters in rows for each factor denote

significant differences using LSD (P = 0.05).- o Scores between 0 and 3 denote good (markeøble) quality and scores >3 denote poor (unmarketable)

qualicy.- 
" Data were analysed after t¡ansformation using square root, with back-t¡ansformed means shown.

' The quality of the stored Chinese cabbages decreased, as shown by the increase in

averageìuality scores, as the length of storage period increased (Table 2). The scores for

Chinese cabbages assessed at 0, 3, and 6 weeks were within the ma¡ketable range (3 or

below), while Chinese cabbages assessed after 9 weeks of storage were considered

unmarketable. Harvest times and holding period did not affect the quality (Table 3).

Average data of the chlorophyll fluorescence parameters F- and Fu decreased with the

increase in storage period from 0 to 6 weeks and then remained constant (Table 2). Ha¡vest

times and holding periods did not affect these parameters (Table 3). Analyses of variance

performed on Fo and FulF^ data were inconclusive due to large va¡iation in the data

unaccounted for by the treatments and the exPerimental design.
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EGlucosc ESucrose

Outet leaf Middle leaf Innet leaf Core

Sample

Fig. 2. Concenfations of three sugars in various tissue samPles taken from Chinese cabbage' Values a¡e means

of 27 heads x three replicaCes and bars represent the LSD (P:0.05) between samples.

There were no differences between harvest times or between holding periods in the

amounts of glucose, sucrose and fructose in samples taken from Chinese cabbages at

0 weeks for dawn, midday and dusk harvest treatrnents. In Fig. 1, the data for middle leaf

samples afe shown, and while levels of the different sugars varied between sampling

locations Grg. 2), harvest time and holding Period did not affect sugar content at any

location. Glucose and fructose levels were highest in the middle leaf samples, while

EF¡uctosc
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0

0:00 2:fi) 4:fi) 6:00 8:fi) 10:00 12:00 14:00 16:00 18:00 20:00 22$0 ?A:00

Time on MaY 11, 2()00

Fig. 3. Temperature fluctuations at various positions inside and outside matu¡e Chinese cabbage heads in the

lreild ou", u ã4-h period. Minimum and maximum temperatures in the region for the same period, as recorded by

the Bureau of Meteorology, were 13 a¡d22"C, respectively. Values are means of thfee heads'

w
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*Position 1

ìêPosition 3

--+Position 5

-#Position2
-ìiFPosition 4
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sucrose levels were highest in the core. Glucose levels were lowest in the core, and fructose

and sucrose levels were lowest in the outer leaves.

3.2. Head temperatures infield

Typical recordings from the temperature data loggers are shown in Fig. 3. The

t"-p"tut*" at Positions I and2 inside the heads did not fluctuate as widely or as quickly

as tñe temperature at the other three positions, at the top of the head, in the wrapper leaves,

or in air.

4. Discussion

The posthawest evaluations showed that time of day of harvest and a half an hour delay

in cooüìg had no impact on postharvest behaviour of Chinese cabbage. The relative water

content data indicates that ìhese treatments did not influence the water status of the

harvested heads. Despite a maximum va¡iance of approximately 15 "C in air temperature

between the dawn and afternoon ha¡¿ests, cabbages from all hawests had simila¡ relative

water content, trimming losses and overall quality. In addition, light exposure through

the day had no effect on either chlorophyll fluorescence or levels of energy substrates.

Similarly, harvested cabbages that were left out for half an hour in the midday sun were

no different than their neþhbours that were taken immediately to the coolroom after

harvest.
The harvest air temperatures in this study ranged from 6 to22oC, which are typical

temperatures experienõed for Chinese cabbage at harvest. In fact, the monthly average

maximum temperature for May at the trial location is 15 'C. Normal maximum tempera-

tures during harvest months of Chinese cabbage in the southern Australian growing regions

in north east Victoria and the Adelaide Plains a¡e 24 "C in February/lvlarch and l2"C in

June (Bureau of Meteorolo gy, 2002).

Field temperature affects turgidity (Kader et al., 1974) a¡d thus influences the suscept-

ibility of leâfy vegetable crops to physical damage during harvest and handling (Phan'

l9S7b). For this reason, it wai expected that the leaves of Chinese cabbages harvested at

midday or later, after exPosure to wafm daytime temperattues' would be less turgid and less

likely io sustain injury than Chinese cabbages harvested ea¡lier in the day. No evidence was

found in our results to support this, and the relative water content data suggest that the water

status of Chinese cabbage heads was not affected by ñeld temperature. This may, in part, be

due to the relatively milã maximum temperatures that Chinese cabbages experience during

harvest.
contrary to our findings, Thompson (1996) and wills et al. (1998) suggest that lower

respiration rates of heads harvested in the early morning would positively influence their

postharvest life when compared to Chinese cabbage heads harvested later in the day. Also,

th" hu*"rt"d Chinese 
"ubbug"t 

kept in the field for half an hour prior to cooling,

especially those ha¡vested during the hotter times of the day, should lose quality more

."iiaty túan heads cooled immediately (Kader etal.,|9/4;Thompson, 1996; Wills et al"

1998).

7



8 A. Klieber et al./Scientia Hotliculturae 96 (2002) I-9

Our results indicate that the Chinese cabbage heads have a mechanism for protection

against exposure to high temPeratures. This is supported by the in-field head temperature

dãta, which suggest that the interior of the head is insulated against temperature extremes

by the outer and wrapper leaves. These leaves are exposed to the surrounding environment

and their temperature was found to fluctuate to the same or greater extent as that of the air

temperature. therefore, the wrapper and outer leaves a¡e the most likely to be affected by

temperature stress and other weather-related stresses. Most wrapper leaves and, depend-

ing on their condition, some outer leaves were removed when the cabbages were

harvested, and therefore had no influence on the postharvest behaviour of the remainder

of the head that they had previously protected. However, the effect of time of day on the

energy substrate levels and water status of the wrapper leaves is unknown, as they were

discarded at harvest.
Friø and Weichmann (l9Sl) found that the maximum temperature 20 to 11 days prior to

ha¡¿est had some influence on the marketable quantity (amount left after trimming and

weight loss) of Chinese cabbage after storage, although duration of storage was a more

impãrtant factor. In this study, the temperature was recorded only at the time of harvest and

was not monitored for any prior period. Kader et al. (1974) noted that cabbages may be

subject to solar injury during harvest and transport, and that blistering and desiccation of

affected leaves may increase the risk of decay. No evidence of either blistering or

desiccation was observed in the assessed heads, as any leaves that may have been affected

were most likely removed at harvest or prior to storage.

The length olstorage was a major factor in the postharvest life of the Chinese cabbages.

Trimming loss increased with the increase in storage period due to the greater number

of outer leaves senescing or succumbing to microbial infection at wound sites over time.

This was due to mechanical damage during transport and insect damage. In addition,

postharvest disorders such as gomasho and patchy papery necrosis increased in severity

with time.
Chlorophyll fluorescence parameters, F- and F, declined in value as the length of

storage inìrãased. This can bi attributed to the degradation of chlorophyll in association

with the onset of senescence. These parameters, however, were not influenced by light

exposure ofheads throughout the day or darkness throughout the night. Toivonen (L992)

foùnd that F, measuremãnts of broccoli declined during storage and that the value for F

was correlated with respiration and vitamin C content. He attributed the decline in F" to the

initiation of chloroplast deterioration associated with water loss, rather tha¡ senescence'

due to the lack of visual yellowing or chlorosis of the samples'

This study shows that when harvested under normal conditions the postharvest beha-

viour of Chinese cabbage is not affected either by the time of day when it is harvested, or a

short delay in cooling after harvest. This can be explained by the protective function of the

wrapper lãaves that cover the head and mitigate the stresses of field temPeratures. More

impoiant factors in the postharvest life of Chinese cabbage appeil to be the presence of

fieid disorders and pests, and the development of postharvest disorders while the heads are

in storage. It is likeiy that chlorophyll fluorescence measurements can be used to determine

freshness or the onset of senescónce in stored Chinese cabbage, via the early detection of

changes in chlorophyll activity, but more research is required to identify meaningful

parameters.
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Abstract

Chinese cabbages cv. yuki were harvested and stored at0,2and2} "C to investigate the effect of these temperatures

on quality, metabolic rates, weight and trimming I sessm

and at '0, 3, 6 and 9 weeks for 0 and 2 "C. The cause

, was also investigated. highe

trimming loss, and lowe stored at 0 ar,d2 'C. Heads kept at 0 "C lost quality

"C due to ppN occurrin ely than at2 "C.It was not observed in cabbages prior

to storage or those stored at 20 "c, suggesting that this disorder is a form of chilling injury'

@ 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chinese cabbage; Postharvest; Storage temperature; Patchy Papery Necrosis

l. Introduction

Low temperature storage is an important part of
prolonging the postharvest life of fresh produce.

Low temperatures can reduce respiration rate,

ethylene production and sensitivity, moisture

loss, and the growth of pathogens (Mitchell,

1992). Previous studies (Hansen and Bohling,

1981; Gajewski and Skapski, 1994) have shown

that Chinese cabbage (Brassica campestrß L. ssp.
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pekínensis (Lour.) Olsson) can be stored for long

leriods at low temperatures. There is evidence,

ho*.u.t, that some cultivars store better than

others (Apeland, 1984b; Daly and Tomkins, 1998)

and that storage temperatures of a¡ound 0 oC

may induce chilling injury in some cultivars.

Chinese cabbage cv. Yuki was chosen for this

study due to its good performance in production

and storage trials carried out in Victoria, Australia
(Daly and Tomkins, 1998). Three storage tem-

peratures, 0,2 znd 20 "C, were used to investigate

ihe diff".ett"es in postharvest physiology at ambi-

ent and cool storage temperatures. The two low

temperatures \vere also chosen to examine the role

of low temperature in the development of a

disorder described and named Patchy Papery
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Necrosis (PPN) by Daly and Tomkins (1998) that
is typically seen in cv. Yuki (Fig. 2).

2. Methods and materials

Chinese cabbage cv. Yuki was gro\iln at Virgi-
nia, South Australia using commercial growing
practices. The crop consisted of a raised bed

containing t'wo rows of approximately 360 plants

each, giving a total of 720 plants. Mature cabbages

were harvested mid-season over 3 days, on 29 and

31 May and 2 June 2000, with cabbages harvested

on each date representing one replicate.
The harvested cabbages were packed into waxed

cardboard cartons in the held and lvere trans-

ported to the Waite Campus of Adelaide Uni-
versity within 3 h of harvest. Upon arrival, the

cabbages were allocated storage temperature treat-

ments, either 0, 2 or 20 oC, and were placed in the

appropriate controlled temperature room. Chinese

cãbbag"s stored at20 "C were immediately placed

into individual perforated polyethylene bags to

slow down moisture loss, whilst cabbages stored at

the lower temperatures were left unbaggedfor 24h
to facilitate cooling. Cabbages from different
harvest dates (replicates) were stored in separate

cartons in each controlled temperature room.

Cartons of one replicate were kept within one

location within the room. For each storage re-

moval time and replicate, frve cabbages were

randomly sampled from the relevant boxes for
weight, trimming loss, presence and severity of
disorders, and overall qualitY.

2.1. Postharuest eoaluation

Chinese cabbages were stabilised at their storage

temperature (24 h at 20 "C and 72 h at 0 and

2 "C) before corlmencement of the study. Mea-

surements of weight, respiration rate and ethylene

m five cabbages Per
ature at regular inter-
study-at 0-3 weeks

for 20 oC, or 0,3,6, and 9 weeks for 0 or 2 'C'
Cabbages were weighed and then enclosed in 15

I plastic buckets with lids fitted with rubber septa

"na 
tigtttly sealed with vacuum grease. Headspace

gases were sampled afær 2 h for cabbages stored at

áO 'C, and after 24hfot cabbages stored at 0 and

2 'C. The samples were obtained by piercing the

rubber septum with a needle and drawing head-

space gas into an attached I ml syringe' To

ditermine the levels of COz present a I ml gas

sample was injected into a Varian 3300 thermal

conductivity gas chromatograph (Varian Austra-
lia, Mulgrave, Vic.) equipped with a silica column
(35 cm x 3.1 mm i.d.) of 80/100 and calibrated

using a 0.5% COz gas standard (BOC Gases,

Tor¡ensville, SA). Temperature conditions were

90 "C for the injector and detector and28 oC for
the column, and the flow rate of helium (carrier

gas) was 5 ml min - I 
. The results were expressed as

mg of CO2 produced per kg of fresh weight per h'
-Ethylene 

levels were detected by injecting a I ml
gas sample into a Varian 3400 flame ionisation gas

õhromatograph (Varian Australia) equipped with
a Porapak Q stainless steel column (60 cm x 3'1

mm i.d.) of 80/100 mesh and calibrated using a l'9

¡rl l-r C2Ha standard (BOC Gases). Temperature

conditions were 50 oC for the column, 135 "C for
the injector and 150 oC for the detector. Flow

rates ofthe carrier gas nitrogen, hydrogen and air
were 50, 40 and 300 ml min-r, respectively' The

results were exPressed as ng C2Ha per kg fresh

weight per h.
At the same intervals, a further five cabbages

from each replicate/treatment combination were

destructively sampled to determine trimming loss,

incidence and severity of PPN and quality' Upon

removal from storage, cabbages were weighed,

trimmed of senescing or damaged leaves to achieve

a marketable head, and then reweighed. The

trimming loss was calculated as a percentage of
the t¡immed weight relative to the pre-trimmed

weight.
Visual symptoms of senescence (yellowing,
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Table I
Weight

Storage period (weeks) Weight loss (70) Trimming loss (7o)

0'c 20c 20"c 0"c 2"C 20"c

29a
47b
46b

-o

29a

36b
42bc
44c

44b
39b
42b

0a
l.8b
3.8c
5.6d

29aa0a' 0a

0.7b
l.lc
l.6d

0.5b
l.0c
l.3d

0

I

2

J

6

9

Values are means of 15 cabbages (three replicates of five heads each). rtreight loss was determined on

intervals, whereas different heads were used to determine trimming loss as the weight of outer leaves trimmed

marketable qualitY.

" Differeni lerters within columns denote significant differences using LSD (P:0'05).
b Cabbages could not be trimmed to achieve a marketable quality'

the same cabbages at all

offto achieve a subjective

and 3 indicated marketable quality and scores over

3 indicated unmarketable quality.

2.2. Data analysis

All numerical data were analysed using the

General Analysis of Variance test in cENSTAT 5'

fourth Edition for wrNoows (Lawes Agricultural
Trust, IACR, Rothamsted). The experiment was

set up in a Randomised Complete Block design,

with the harvest dates (replicates) as blocks and

cabbages harvested on each date randomly as-

signed to temperature treatments and storage

period. Differences between treatments and be-

tween storage periods were detennined using least

signiflrcant difference (LSD) at the 5% level'

3. Results

The weight loss of the cabbage heads increased

with time at all three temPeratures (Table 1), but
heads lost more weighl at 20 oC, exceeding 5olo,

than at 0 and 2 oC, where it remained below 2o/o-

Weight loss between the two low temperatures was

not statistically different (P > 0.05). The initial
trimming loss upon reception at the laboratory
was high at 29o/o, as heads were harvested with
only wrapper leaves removed and then trimmed to

marketable quality on reception. The trimming
loss increased after I week al 20 'C to 47o/o and

Table 2
Average quality scores of untrimmed, dissected heads of
Chinese cabbage cv. Yuki at various intervals during storage

at three different temPeratures

Storage period (weeks) Quality score

0'c 2"C 20'c

0
I
2

3

6

9

1.5 +0.5

3.3 + 1.0

3.7 +1.2
3.010.7

1.5+0.5

2.6+t.3
3.2!t.3
3.0+ 1.0

1.5+0.5
3.3 +0.9
4.9 +0.3

â

A score of I indicates good quality and a score of 5 indicates

poor quality. Scores are means of 15 cabbages (three replicates

of five heads each) tS.D.
" Cabbages could not be evaluated due to excessive rots'

after 3 weeks at 0 "C to 44o/o, and then remained

constant (Table l). After 3 weeks ?t 2 "C it was

360/o, and by 9 weeks increased further to 44o/o

(Table 1). The extent of mic¡obial spoilage pre'

vented evaluation of trimrning loss after 3 weeks at

20'c.
The quality declined over the storage periods for

all three temperatures as can be seen from the

increasing quality scores (Table 2). The quality of
cabbages stored at 20 'C declined quickly with
most unmarketable after I vieek and of poor

quality after 2 weeks. Causes of quality loss were

.ir"rc.t 
". 

with yellowing of leaves and pathogenic

spoilage. At 0 "C cabbages \ilere considered to be

of unmarketable quality after 3 weeks, although
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scores were variable. Scores were increased due to
some senescent yellowing and some pathogenic

spoilage, but were also greatly influenced by the

notable occurrence of PPN, reducing quality

significantly after 3 weeks (Fig. 1). Symptoms of
PPN were severe at 0 'C. Atz "C most cabbage

heads were of marketable quality, even though

pathogens were again noted. Howevet, the inci-

dence of PPN was very low, even after 9 weeks

(Fig. 1), and symptoms were not severe. Affected
cabbages had areas of brown discolouration and

necrosis of leaf tissue between veins, usually near

the midrib of the leaf (Fig. 2). In mild cases only
one or two inner leaves were affected but in severe

cases large numbers of leaves throughout the head

showed symptoms. Eventually senescent yellowing

and pathogenic spoilage occurred, increasing qual-

ity scores similar to those found in cabbages at

0 "C. No PPN was observed in cabbages stored at

20 'C, and mild gomasho (black spot) was

observed in only two heads. Mild tip burn was

observed in some outer leaves.

The rates of respiration and ethylene production
for newly harvested cabbages at20 "C were.32 mg

CO2 kg--r h-r and 52j ng C2Ha kg-t h-t,
respectively. Rates had fallen to around 2 mg

CCiz tg-r h-1 and 5 ngC2Ij^a kg-t h-r after 3

weeks storage at 0 and 2 'C. Rates for cabbages

stored at 20 oC were higher than those fo¡
cabbages stored at the lower temperatures, drop-
ping tð their lowest values of 15 mg CO2 kg- I h- I

ânð, 173 ng C2Ha kg-t h-r after I week. From
week 3 to 9, the respiration rate of the cabbages

tr00c

tr2"C

Fig. 2. PPN symPtoms on Chinese cabbage cv- Yuki leaves'

Symptoms are visible as translucent areas with brown disco'

louration between the leaf veins and are indicated by the

anows.

0369
Storegc Pcriod (wccko)

Fig. l. The occurrenc€ of the disorder, PPN, observed in

Chinese cabbage cv. Yuki during low temperature storage'

Values are means ol 15 cabbages (three replicates offive heads

each) expressed as a percentage and bars represent the S'D'

further declined by 38 and l8o/o at 0 and 2 oC,

respectively (P < 0.05). For cabbages stored at

20 oC, the respiration rate increased markedly
after I week due to senescence and pathological

processes
pattern.
between
ethylene production over the 9 weeks of storage

(P > 0.05).

4. Discussion

Chinese cabbages lost weight during storage at

all three temperatures, but the amounts lost were

small at low temperatures. As most weight loss is

due to water loss, storing the individual cabbages

in perforated plastic bags inside waxed cartons

helped to reduce the amount of water lost from the

"abbag"r 
and contributed to the low results. Daly

and Tomkins (1998) found weight loss of Chinese

cabbages, stored in cartons at various tempera-

100

90

80

Er0o60
Eso
Eã40
Ë¡o

20

10

0
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tures, \ryas decreased when plastic carton liners
trvere used. However, the higher vapour pressure

deficit at 20 'C compared with lower tempera-

tures caused signifrcant water loss at that tempera-

ture.
Chinese cabbages had to be trimmed to a

marketable head after harvest due to insect

damage and the presence of tipburn on outer

leaves; at harvest only the loose wrapper leaves

had been removed. Thereafter, the proportion

trimmed from the cabbages to achieve a market-

able head increased initially over I week at 20 "C
and 3 weeks at 0 and 2 "C, and then remained

virtually constant. The trimming losses after

storage were due to wilting and yellowing of outer

leaves and pathogen infection at wound sites. At
20 "C it was not possible to produce marketable

cabbages by trimming after I week' At the lower

storage temperatures, the wilting and yellowing of
outer leaves and the progress ofrots were delayed.

The quality of the cabbages deteriorated during
storage at all temperatures. Initial scores tilere

influenced by preharvest factors such as the

incidence of pest damage and tipburn. The dete-

rioration in quality of cabbages stored at 20 'C
was due mainly to yellowing, wilting, and patho-

gen infection. The quality of cabbages stored at

0 oC was affected by the development of PPN

early in the storage period. Cabbages stored at

2 'C were less severely affected by PPN and

senescence-related factors such as yellowing, and

wilting caused by moisture loss contributed more

to the decrease in quality at this storage tempera-

ture.
Daly and Tomkins (1993) reported low wilting

for cv. Yuki stored for 40 days in high humidity at

0 and 3 "C, but severe wilting for heads stored in

normal air at the same temperatures. Gajewski

and Skapski (1994) reported good quality scores

for cultivars 'Yoko' and 'Hanko' after storage at

0-2 'C for 12 weeks, but only after the heads had

been trimmed. In the same experiment, approxi-

mately 35% of heads were considered unmarketa-

ble after this storage period and natural (but

undefrned) losses of up to 16.8% were reported'

This is comparable to the trimming losses, ap-

proximately l4o/o after 9 weeks at 0 and 2 oC,

observed in this studY.

The occurrence and severity pattern of PPN
of chilling
at 0 weeks
developed
Cabbages

stored at 0 oC were more severely affected than

those stored at 2 oC, and cabbages stored at

20 "C were not affected at all. Whilst the symp-

toms observed here are not the same as the 'brown

midribs' chilling injury reported elsewhere for
Chinese cabbage, they do fit the general visual

ïå
cell

membrane and metabolic functions and these

changes eventually lead to cell death (Bramlage

and Meir, 1990). Apeland (1984a) observed chil-

ling injury in Chinese cabbage stored for more

than 45 days at temperatures of 0 and 2-5 oC, and

reported that the critical temperature varied be-

tween cultivars. Daly and Tomkins (1998) ob-

served that three cultivars, 'Hector', 'Kasumi II'
and 'Yuki', out of seven developed PPN after

storage for 7 weeks at 0 'C. In the same trial
'Hector', 'Kasumi II' and another cultivar, 'WR
Green 60', suffered the brown midrib form of
chilling injury.

Chinese cabbage cv. Yuki has a low respiration

rate, especiallY when st ratures'

Daly and Tomkins (199 resPira-

tion rates of Chinese c various

kg-t ¡-t for 0 and 2 'C, respectively. This

difference is minor and may be due to variation

between cultivars. Respiration rates were higher at

20 "C at 15 mg CO2 kg-l h-r, after I week of
storage, but increased sigaificantly with the onset

of senescence and pathological spoilage.

'Yuki' cabbages also produce very little ethylene

Kader (1992). Rates at 0 and 2 oC were consider-
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ably lower still. An increase in ethylene production
was found in the last measurement at all three

storage temperatures and is most likely due to the

action of various fungal and bacterial pathogens

(Kader, 1992), particttlarly at 20 'C. Ethylene,

even at low levels, is known to promote senescence

(Wills et LL, 1999), and increased levels of
production would hasten deterio¡ation and

shorten the postharvest life.
Chinese cabbage cv. Yuki has low rates of

respiration and ethylene production, making it
suitable for long term storage at low temperature.
Weight loss was not a signif,rcant factor at the low
temperatures. However, commercial loss due to
trimming is likely to be significant at any storage

temperature, but in-field insect damage may pre-

dispose heads to higher losses. This influenced the

deterioration in quality and the development of
rots. Rots and senescent yellowing determined the

end of storage life at 20 oC, and eventually at

2 "C as well. At 0 "C it was limited by the

presence of PPN after 3 weeks, and this is a form
of chilling injury. The differences between the

three temperatures highlight the need to choose

the minimum possible temperature when storing
Chinese cabbage, balancing the need to control
chilling injury with the need to delay senescence

and rots. Another obvious choice would be to
screen and select cultivars that do not suffer
chilling injury, but both midrib browning and

PPN need to be considered.
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TuE ETTTCT OF TIME OF DAY OF HARVEST ON THE POSTHARVEST

LIFE OF CHIruEST CABBAGE.
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INTRODUCTION

MATERIALS AND METHODS

ens Research Centre in
Harvesting was ca¡ried out at

, middaY, mid-afternoon and

dusk) and at each harvest, half the heads were held in the field for thirty minutes

before cooling.

The cabbages were transported to the Adelaide University's Waite campus in

refrigerateã road transport and were then stored in perforated polyethylene bags, in

cartons, at OoC. Assessments of trimming loss, chlorophyll fluorescence, and quality

were carried out at 0,3, 6, and 9 weeks storage, and levels of energy substates were

measured at 0 weeks.

The early morning, when the temperature and respiration rate of produce is low and

water to harvest vegetables (Thompson'

1996;ityandprolongpostharvestlifg.-.
Harve strate levels are high (Lipton' 1987)

and leaves are less turgid (Phan, 1987), may be better for leafy vegetables such as

chinese cabbage (Braisica campestris L. ssp. pekinezsls (Lour.) olsson).

This study was conducted to investigate whether the length of storage, the quality, the

water status, or the energy substrate level of Chinese cabbages is influenced by the

time of day of harvest or by delays in cooling the harvested heads.

RESULTS

Neither the time of day of han¡est no¡ the delay in cooling had an effect on the

trimming loss, chlorophyll fluorescence, quality, and energy substrate levels of the

Chinese-cabbage (Tablcl and Figure 1). The length of storage, however, did have an

effect with an increase in trimming loss, a decrease in quality, and decreases in

maximum fluorescence (Fm) and variable fluorescence component (Fv) as the length

of storage increased.



HEAD TEMPERATURES IN FIELD

Subsequent investigations were made into the temperature at various points inside and

outsidó mature Chinese cabbage heads in the field using temperature data loggers.

Th¡ee adjacent and uniform-siãed cabbage plants, in a crop grown at Virginia, South

Austratà, were each fitted with five temperature dataloggers with stab probes

attached.
I

Typical recordings for a 24-hour period from th{temperature data loggers are shown

in Èigure 2. Thelemperature inside the heads diä not fluctuate as widely or as quickly

as thè temperature of the outer areas of the cabbages or in air.

Table 1. Trimming loss, quality score, and chlorophyll fluorescence parameters for

Chinese cabbage harvested at different times of the day or held in-field for different

periods prior to cooling.

Harvest time Holding period

Dawn Mornine Middav Afternoon Dusk 0 hours 0.5 hours

Trimming
loss (%) 22.6a2 2r.7a 2r.3a 21.6a 21.8a 21.5a 22.1a

Quality
scoreY 2.2{

3238a
2484a

l.9a
3095a
2433a

1.8a
3275a
2647a

2.4a
3117a
2470a

2.0a
3321a
2484a

l.9a
3243a
2461a

2.2a
3175a
2482a

Fm
Fv

zvalrres are means of 24 heads x 3 replicates and different letters in rows for each

factor denote significant differences using LSD (P=0.05).

Ysco.es between 0 and 3 denote good (marketable) quality and scores >3 denote poor

(unmarketable) quality.

xData was analysed after transformation using squ¿lre root, with back-transformed

means shown.
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Figure 1. Levels of three sugars in middle leaf samplel tukt-" from Chinese cabbage
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to cooling. Harvest time values are means of 6 heads x 3 replicates and cooling delay

values are mea¡rs of t heads x 3 replicates. Lines represent the standard deviation for

each value.
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Figure 2. Temperature fluctuations at various positions inside and outside mature

Cñinese cabbage heads in the freld over a 24-hour period. Minimum and marimum

temperaturet itt th" region for the same period, as recorded by the Bureau of
Meteorology, were 13õC and 22oC,røspectively. Values are means of three heads.

DIScUSSION

The postharvest evaluations show that time of day of harvest and a half-how delay in

cooling had no impact on postharvest behaviour of Chinese cabbage. Despite a

maximum variance of approximately l5'C in air temperature between the dawn and

afternoon harvests, cabbáges from all harvests had similar trimming losses and overall

quality. The results suggJst that the cabbage heads have a mechanism of protection

against exposure to high temperatures.

This is supported by the in-field head temperature data, which suggest that the interior

of the trea¿ is insulated against temperature exûemes by the outer and \ryrapper leaves.

Most of these leaves *e.é te-orred when the cabbages were harvested and therefore

had no influence on the postharuest behaviour of the remainder of the head.
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