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Improve Fruit Quality of Greenhouse
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Abstract, In order 1o improve fruil guality under the Northern climatic growing
conditions prevailing in Quebec, Canada (lat. 477N, long. 71"W), a greenhouse tomulo
(Lycopersican evenlemimm Mill, ov, Blitz) spring production experiment was condueled
using several ireigation regime and electrical conductivity (EC) levels. The irrigation
regime treatments were o function of the global solar radiation, with three thresholis
applied to each EC treatment. The irrigntion theesholds (K -mc ) were 1468, 2) 540, and
3612 Two EC treatments were used: 1) control EC (20 to L5 mS<cm' ) omid 2) 30%
higher EC than the conteol (2.0 to 4.6 mSvm), which was raised by adding NaClio 12
mmalL Plant waler potential in summer and in the fall and plant growth after 6
months were nol ullected by irvigotion or EC treatments, Raising the EC inereased the
Nacontent of reproductive and vegetative parts and decrensed the N eoncenteation ol the
vegetative poets, The highest EC improved Broit guality by reducing the incldence of Truit
crocking. Although marketable vields were not alfected by EC (P = 000%) or ivrigation
regime (P = LK) treatments, higher EC during March to September inereased o 0,01

the proportion of Class 2 froit by redocing Fruit size.

Many envirpnmental and cultural Tsciors
can improve the quality ol greenbouse loma-
et Oiprimal comtrol of greenhouse climate.
combingd with appropraie ferigation mian-
agement, may help 1o maxiomee oo i
duunbiiy. Many stsdies have bevn conducted om
fermigatson muanugement ol greenlouse toma
toes bde Kreap, 1995, Pearce et al . 199%; Tiizel
el ul, 1'mM Voogt and Sonncveld, 1997
Huewever, more information is necderd on these
new fertigation technigues for the climatic
conditions in northeasiern Americh

Water monagement infliences the
rhizosphere environment (.8, media water
potential pocd salt peeumulatony, whach in turm
pffects plamt prowith and photosynthesis
i Atherton and Rudich, 19860, Yeld, the bul-
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ance hepween reproductive and  vegenative
riarts, and st frui slze may also be con-
trodled by water supply. Wanter deficit and
changes in light intensity may reduce growth
rate and impair metabolic processes, Tiieel ¢t
al (1990 demonstrmed that maore (reguent
mzatin improved the growth rmte and re-
duced the dry matier conient of Fruits, whercas
water stress that occurmed m the midile of the
iliermal penod reduced from expsunsion { Pearcy
etal. 1993), The duily rale of water uptake by
o frunting tomto plamt is |4 L (Adams, 19559)
Inpractice, Heo wnd Adrees (1995 lave reproiied
thast thee volurme amd lreguency ol irrgation s
120130 ml per MEm? o solar radiation
received per plant for o frting womato ceop
Therefore, the witer and nutrient supply e
matched with thecarbon issimilation or prowih
rate af the crop, resulting i Baluneed growih
{Ho and Adams, 1995,

Conductivaty aeljusument | also usetul Do
growers tomodify the water avidlabilicy W the
crop and hence the vegetative und reproduc-
tive vigor of the plants, which in twm inllu-
ences [ruit qualiny (Holder und Christensen,
1989 Massey etal., 1984; Rudichetul., 1977),
Salinny directly influences plant water rela
s booause osmolic =ress meduces water
uptake (Ho amd Adsms, 1995, Voogl and
Sommeveld, 19975 When light intensity is low,
fomato Thowwer and frun developmem can e

inprovied by mising the élecmoal conducniv-
ity (ECT (Ho and Adams, 19950 Moreover,
lmcreasing the EC of the nutrient solution
could be o very powerful ool for controlling
Frunt eracking und deformity (Sonneveld amnd
Van Dier Burg, 1991), Fruoits grown ander
these condions tend 1o have a thicker and
more resistant cuticle. They also have o low
turgor pressure because of reduced waier
absorption by roots under o low osmotic po-
teentind 45 ] o the nutrsent selation and amore
resistant xylem trunsport system in the ool
(Ho and Adums, 1995)

An increase in the BC of the nutnent solu-
ton can easily be achieved by adding NaC)
which is less expensive than major nutrients
such o N, P, K, Co, and My Furthermore
increasing EC with NaCl has no ellect on
viell when the rimzosphere concentration is
maimiained within plant limit threshold
{ Adkums, 1987 Sonncveld and Van Der Burg
190y, Sonneveld amd Yan Der Burg (19911
reporied tht adjusting the EC wo 1.5 mScm
with major nutrients albowed maximum yiehl
ard that all subsexpuent increases im EC could
b pehieved by adding NuCl withowt causing
physiological disorders, as long as the total
Ml comeentration in the rhizosphere did not
excead 12 mmol-L Although Adams (1987}
established this threshold at 37 mmol Nal'l,
wie did not observe any negative effects ar 25
ol s el al, unpublished do,
Difterences inclimatic and cultual conditions
prabubly eaplain these differcnces o the
threshold limt,

The purpose of tus investigation was 1o
improve fruit guality of greenhouse wimatoes
grown under spring climatic conditions
prevaling in nonbeastem Norh  Amenico.
specifically the Quebec area To achieve this
obgective, two salinity and three imigation
regime ireatmens were compared. and thelr
effects oo plamt winer potential, minerl tssoe
comtent. growth. vield, and fron gualiny wene
mieasured

Materials and Methods

The expermment was conducted i Venlo
glasshouses locuted at the Horticuliural
Reseurch Center ot Laval Univ, (lat, 47°N,
lomg. 71°W ), Quebec, Canabi from D, |99
b Sept. 1997, *Blitz” womato plants were cul-
tivated in rockwool stabs (Talent, series
Cirodania ASS, Hedehusene, Denmark) and
fertignted with o standard nurrient solution
CHI=15ma NCY Ddmme NH 751 mm K,
Tt 2 s i, 3=5 mne Mg, 1.5-2 0 ma H.MO,,
1-3.2mm S0, L me-L "Fe, .75 mg-l. ' Mn,
g L 'Cu, 033 mg-L '#n 035 mp-L 'K,
.05 mp-L ' Mo). Plont density was 25-2.8
plaintsfm?. Relatrve uomdity 1 BRH) vaned be-
(ween 60% and 30% and mr temperaluone he-
tween 20 "Cduy/ 1 7°C night+ | °C. The pH
(he nutnient selution was muntuned between
55 and 60 wilh phosphonic o mitne acid
Duily samples of nulrien solution were taken
from the rockwond slabs <o that EC and pH
levels could be adppsted if necessary OO0, was
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injected into the pir, ¢xcept during the cummer
perod (June o August ). 10 maintaim a concen
tration of 60 mg-L. ° in the greenhouse. The
clomate (air temperature, mechamcal ventila.
tion, vapor pressure deficie, light, COyand the
Irmgation regime treatiments were conimalled
by computer using the Insight sofvwarne, version
2 2 (Lanchis & Gyr Powers, Siemens, 1L
Yield und fruit guality were evalumed
haweekly durng 26 weeks Class 1 fruis
wigighed =90 g with no physiological disorder,
Cliass 2 fruies T0-90 g with no physiolagical
disorder, and Class ¥ fruits <70 g, or hd
physiological disorders such as Blossom-emd
ro | RER ). gold specks, uneven npeming. pulli-
ness, adial of corcular cravking and russeting,
of i deformity. The marketable viehd consisted
of all classes except for (ruies with BER.
delormity, or rodial and circolar crocking
Ll area and shootdry seight were mensured
every 2 months on three simples per experi-
el unit (B L) Relative growtl re (RGR,
g ), specific leaf area (STA, emig™),
average specific leal area (SLA, com'g ') cal
culuted Tor both dates of sampling, and net
assimilaton rate (INAR, gom o "1 were cal-
culited following Brown ¢ 1984 and the har
vestimde s was caloulsted is | Fril fresh weight/
toaid pllaant Fresh wieight above- ground )= 10).
Mineral analyses wiere done on shool, fruits,
and nuttient solutions extracted from the
rockwoul slabs 1o determing the concentra-
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tions of N, . K. Ca, Mg, and N oo three
samples per U Prior 10 extmaction. plam
tasues were digested as described by L
andd Johneon g 19600 A spectrophaotometeri L

I, Hitachi, Tokyod was used 1o detenmine
the tolal N and P concentration of the plamt
fssies usang codonmetne methods described
by Bremner and Mulvaney (1982) and
Chapman and Prat (196] ), respectively. The
s spegimophotometer was used 10 deter-
mime the phosphate and nitrite concentrations
ol the putrient solutions acoonding 1o Murphy
amdd Ribey 4 19620 and Norian e al. (19553,
respectively, Concentrations of K. Ca. Mg,
and Nainthe tssue and i e mudrient solu-
T were determuimed with an atimic absomp-
Hon spectromeler CINNE Perkin-Elmer,
Uebarlingen. Germeny . Plam water siaius in
summer {21 June h and autumn (24 Sepi.) was
Jdetermined using 4 pressune Ghumber (004,
PMS listruments, Corvallis, Ore ) following
the gpnethand of Xoogr al, (19974 The water
potential of the nrent solution from the
rockwool slabs was megsared with an osiom-
et CRS00 Wescor vapor pressune osmomicier,
Wescor, Logan, Urh), For ench analysis we
used three siomples per replicate for o ol of
MNE meEsurements per iredimen,

The experiment was wrrimged as a 2 = 3
factornd with fwa BC bevels amd three irmgation
pegiime i split-plot design with three reph-
cutes (54 planis per E.LL), The two EC treat-

menls were: conrol (2040 33 mS<m '), and
W% higher than the controd (2.6 0 4.6
mScm i, which was raised by sdifing NaCl
<12 mmol-L ', The bmgation regime was a
(s tiion of the ghobal solas rdistion with thee
thresholds npphed o each EC reatmem. The
threshodds were esinblished w265 (F1), 340
(F2 L o 6512 KJ-m o solar radistion received
(F 3 using 2 mode] described by de Halleus and
Ciamsthier ( 1998). A dripy imigoton sysiem sup-
phicd 100 mL of moriem solution per plam per
irmigation persod. Thus, F1 had the highest and
F3 the lowest imigation frequency and daily
irmgation volume (Fig. 1), The omigation period
wits gdjusted during the growimg season 1o
odiin 55% o 60FF of water content an the
rockwassl slabs al dawn, brigation regime aml
EC tresoments bepan on 17 Feb. and the first
harvest way 20 Mar, 1997, Moin effects and
imernctions were amilyveed for siemificance
using the analysis of varinee (ANOVA)
(GLM) procedure (ver. 6.12. SAS Inst., Cary.
MN.C 1 Means were compared wsing a pnor
contrst analysis (Steel and Torrie, 1950,

Resulis

From March 10 Seprember, sulinity and
irrigntion regime treatments had oo effect on
shool dry weight {317 23, leal’ area {10,244
em’ s, frunt dry matter (5. 4%) or plant growth
rle (RGR ol 109 10 ga Wd ! NAR ol 3.6
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Fig. 1, Mean daily glehal solar rdsation and imgation
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W I gemesd ). However, o significant
mterpction between salinity and irrigation
treatments was ohserved for specific leal
ared 1SLA) in May o = (LO3) and in July
(#=0.02) for SLA y (it non shown,
From week E3 af harvest until the end of the
experiment. total vield i the control EC
rreatment, receiving the most water (F1L
was greater than that of the high EC trem-
ment receiving the least witer (F3) (Fig. 2)
Differences among the other EC and irmga-
Fion regime treatments were nonsignilicant,
Adter 26 weeks of harvesting | 16 Sepl.). the
weight of Class | froit (Table 1), harvest
index and marketable vield tdata nof shown)
were not siznifican by affected by enther BC
(F =081, P=0.389 and P = 009, respec-
tively) or irrigation (P = 060, P = (082, and
F = {08, respectively ) treatments,
Regardless of the irmigation regime, riis-
ing EC with NaCl incrensed (F < (0001 the
welght of Cluss 2 fruit by 30% and reduced
i P =004 fruit susceptibility to crcking and
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Total vield (kg m™)

L

russeting by 68% (Table 1) Imigation treat-
mients had no signiticant effect on fruit size {7 =
O, bor fraiteracking (£ =(0.22). Increasing B¢
with Mall and heavy watering (F1) decreased
the incidence of frojt with gold speck trom 6.4
fo 500 keem 0 = (002) (Table 1): Trrgation
regime had no effect on (ruit deformity at high
EC. bur the lghest amigation regime (F1) in-
crepsed fruie deformity of the control EC, while
the lowest imigation regime (F3) reduced ir,
resulting n significant interaction (" = (4kh)
Sabinity jmd irvigation regime had no sienificam
eilects on fron susceptibility 10 BER (P ={(0,43)
or pulTiness (7 = 0451 Takle 1

Increasing EC woh WNaCl signilicantly
(= 0003 ) reduced the N concentralion in the
shioot, regard less of immgation regime (1.9% v
2R The Mo concentrations in shoots
(£ = OARE ) and frums (F = OU0K2) were
increased (L6175 ve, 0165 and O.15% vs.
0.04% in shoots and fruits. respectively ).
Phosphate levels in the slab nutrient solutions
wire reduced (7 = (L) (043 vs. 060 my in

g9 10 12 13 i 13 be IT
Weeks of harvesting

high EC vs, control), whereas Ni concentra-
tion was increased (P =0.0004) (2742 vs_3.00
minad, The effects of EC and irmgation regline
trestmients on K, Ca. und Mg of shoot. fruit.
and slab nutrient solution concentrations were
nonsignificant when avernged over the duration
of the experiment.

Plant water potential was non significamly
affecied by salinity (P = 0.37) or irrigation
regume (=047 (data not shown). However,
11 waes lower in June (936 kPa during the day,
~580 kPa during the night) tham in Seprember
i ~frbd kPa during the day, —459 kPa during the
mightl. In June, the water potential of te nuiri-
ent solutions extracted from the rockwool slabs
of the plants Tertilized with the high EC was
significantly lower (F = (0,024 thun that from
the comtrol slabs (<237 kPa vs, —142 kPa).

[Niscussion

For spring production (March 1o Novem-
ber), increasing salingty of the nutrient solution

20 I 22 23

15 i9 24 23 26

Fig. 2 Effects of electrival vonductivity (EC and irrigation treatments (F) on il yeeld of omao tkgam “oafler 26 weeks of hurvesting

Table 1, Effects of elecinval conductivity (FCh and irmigation (Fporeatments on the ol yickt (kg-m ol Cliss 1 =90 ngh Cliss 2 07080 g) iomiiato G, and
il fruits with phveiological disomlers durng 26 weeks of harveshing

Trestmenis Vicld of Class 1 frait Yield of Class 2 frui Gl speck Blosasom-end ot Dieformiy Pulfiness Cracking'
ECH 28t 3.5 melcm ')
Fl’ fht LI I a4 1.5 i) 8.7 3
F2 ) {369 5.1 i) 1.2 i3 (L6
F3 7 At 5.7 I8 4 fty 0.5
EC2 (2.6 004 fomS-cm ' p
i H.0 1.324 5.1 1.2 1.4 bk {13
F2X 7:3 1490 | 1.7 1.2 fr.l 1.3
F3 f.5 LR 4 =1 q 4.8 1
St
F 13,6413 (1145 (3. 2) (1847 (.54 0164 G218
EC b BF {143 (3,20 (L9114 0087 1104 [LNE R
F= BT (303 (1,256 DS {1435 noaz 0453 AT
Conrrasty
Flnwear < /EC | w5 EC2) k155 (L1249 (.00 (0,831 (035 (. 844 1261
 quadratic = {EC1 vs. EC2y 1587 {1574 (LRI .22 (L1 1231 12

‘Fusseting, radial and concentnc cracking.

Wrrigation: FI = 468, F2 = 540, F3 =612 Klm ™,

'ECZ pdjusted using 12 mmul-Lo" NaCl,
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(18-3.5 o 2540 mSvm ') did not reduce
growth. However, from May to July, increas-
up BC under the control arigalion regime
reatment (F2) increased S1A. Al-Rawahy et
ul. { PRHT reporiedd that dey nmier producton
anel W ouptake ol wmoo ploms were signifi-
cantly lvwer when the salininy wis raused from
F0 10 0 KPay with 24 mw Nacll, They sug-
pested thar these responses might result Frism
@ combinanon of osmotie and specitfic on
effvcts of CF andfor N, In agregment with
this study, we abseryved thin increasing salinity
up to 46 mScm™ during spring production
reduced Moopuike, expressed os shoot N con-
centratian, This may be explained by an
antagonistic effect of C1 on NO, opioke.
MNitrane reductnse (N activity of tomato leives
was teduced by high NaC'l concentration (60
ma) i the nutriem soluton (Martiney and
Cerda, 198910 this i tum reduced N uplake
and foliar N content.

The balance berween vegelative and
reproductive growth, expressed by the hiarvest
index. was not affected by inerensing the EC,
However increasimg the salinay mcreased the
wapht of Cluss 2 (smaldlert troigs. Adams and
Hap (1989 reparied that salimity alfects frun
sige by reducing water content ruther thin dry
miatter secamulation. However, toaal yield and
Class | tlarger) fruits in our eaperiment werd
ot affected by (he wreatments, whereas the
tonal weight of fruits with crucking, especially
with russeting, was reduced by increasing the
EC. Fruitcracking is generally associated with
the rapid netr influx of water and solutes inio
the fruin when cunicle elasticity and srength
are redoced (Peer, 19920 Salinity has a
prenfound eftecron the water relations of plants
Pecause osmmoric siress reduces uptske O water
{Ho and Adams, 19954 Even though raising
EL did nedl segnificantly alfect fruit drv matter
i aur stucy, the resulting reduction in witer
uptike may expluin the reduction of frit size
amd crocking.

High EC cim reduce Cauptake. even though
the Ca concentration s high (o the nutrien
solutien, and imduce o local Ca deficiency in
tomato fruit culled blossom-end rot (BER)
tHo and Adions, 19951, In our experimen,
inereising EC with NaCl did not increase the
incidence of fruits with BER or decrease fruit
Caconcentration. This might be explamed by
a higher Ca upake resulting from a higher
chloride concentrarion in the nutrient solulion,
According o Mukova (19925 u chliride con-
centeaton of $-13 mmelbL' ingreases Co
uptake, reduces the merlence of BER, and
muy inereise the mumber of fruits with gold
specks. [nour study, increasing EC with NaCl
[upre L2 mmad L under the highestorigation
regime treatment (F ] reduced the incidence
of frun with gold specks by 200% . but had no
clicet on fruit Cu concentrition.

High K in the nutiient solution is essentil
Tor gonsd tomaraguality (calor, fimmness, shelf-
Tife, and mastet, and infToences the coment of
titraable acids, Moreover, Davies and Winsor
C19A7 noted b positive effect of K oon fruil
sugar content, dry matter accumuolation pnd
rustatory qualiny. As K concentrations in the
nutrient seluton inereased from [R000 2800

f3dl
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JEO mg-L' Gormley und Maher( 1990) nowed
areduction in the pumber of Fruits with uneven
coloratsen from 40% 1o 21% 1o 12%, respec-
tvely. Polussium is also essential For many
it processes, including protein synthesis,
ereyme sctivation, membrane transport, charge
halancing, and the generation of wrgor, For
this reason, the application of NaCluo partially
replace major nutrients andfor increase nutri-
ent selution saliniey should be done with care,
us the uptike of K may be reduced by Nain the
solution, thus reducing K content of the fruit
(Adams, 1991 Adams and Ho. 19891 In our
study, 12 mmol-L ' of NaCl in the nutrient
solution did not significantly reduce shoot and
frnil K concentration, Mo sigmifwant differ-
ence in fmoit colorition during ripening wis
observed between high BEC L2 mmoal-L " NalCly
and control BC Ownboan NaCly ireatments
[t mot shown ), Partial replacement of major
mutrients such as nitrie by MaCl KCL or
CaCl s on excellent ool w0 amprove froit
guualily and reduce environmental pollution.
A lesivable balunce between vegetative
and reproductive growth can be achicved by
water management (Cooper, [978) In addi-
tiot, well-commlied arreanion may amprose
frudt quatliny i erms ol cracking, siee, and
Mavaar CADBbor en al., 19860 Ho and Adams,
1445; Peel, 19920 In our study. regardless of
EC levels. irvigarion treatments did not affect
growth, water potential. tssue mineral con-
tent.or truit quality. Moreover, vegelatve and
reproductive vigor of the plants., s expressed
by the harves) indes. wis not modified, In
contrast with the results obtwinesd by Peet ad
Willils ¢ 19931, the percentage of cracked fruat
i g increase whci o higher daily volume of
nuteent selution was applied per plang, possi-
bly becawse of differences in mesdian (peat bags
v, rockwool) and experimental conditions,
Under Morhern Buropean growing condirinns.
Hoand Addams (19495 repored that the vol-
wmmie and frequency of drrsgation fora fruning
termiater crop s 1 20-130 mb-MI-m = ol solar
roclianon received per plant. Linder climate
conthinons prevaling in (uehec for spring
prwlucticn, 214 ml M~ per plant wis re-
guires] Tor good marketable yield. Therefore.
virlwme and Frequency of Tertigation miy vary
signiticantly according o the wradiance., i,
in chates with higher irsdiance, o bigher
irrigaltion e per M1 nuy be required.
Control of EC and water management
allows the grower to modify the water avail-
alilety 1o the crop and influences frum qualiny
tHolder and Christensen, 988 Pearce et al.,
1993 Rudich er al., 1977 Waer siress or
high EC, however, may affecr umake of nu-
trients such as Ca (Ehret and Ho, 1986 as
wiel s Frone erowth rae (Poepree aal., 19493)
and gquality (BER, small fruic size). Our re-
syl demomairane that lower EC, combined
with higher ireigation i the period ol high
solar radizition (laly, August, erease wiler
and minera] ossimilation, resulting ina beter
sield 1 Fig. 21 Thess results agree with earlier
cbservations (Tuzel et al ., 994 ) and suggest
that inceeasing wrrigation during the sumper
increnses vield. However, under the high
jrrization regime, the incide noe of misshapen

and gold speck fruit was greater o low EC.
The presence of gold speckle deposits near
the cilyx affects the external appesrance and
reduces shelt-Hie of fruit This phenomenon
was related w bigh uptake of Ca tde Kreij et
al., F9TE High levels of P oor Clalso fuvor
sold specks due w their positive effect om Ca
wpnake.

Our results sugpest that increasing EC
(Lt o 46 mSem') with NaCl {up w 12
mmel-Lo ' improves omate fruil guality
without affecting ot yield and plant devel-
opment. The use of NaCl both reduced the
costof fertilizer and environmental pollution
From nitrate and other plant nutrients, How-
ever, mereasmg the water supply as global
salar madiation increased improved tomato
wield m the last few months of production but
reduced frnt guality tmore gold specks. mis-
shapen fruils), Research 15 needed on the
interaction between BC and waler manage-
ment af dilferent crop stages and hght levels
i nutrient uptake, water stress, and fruit size
and gualiny.
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