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1 : -'H improved by raising the electrical conductiv-
High Electrical Conductivity and ity (EC) (Ho and Adams, 1005). Moreover,
increasing the EC of the nutrient solution

Rad |at|0n'based Water M an ageme nt could be a very powerful tool for controlling

fruit cracking and deformity (Sonneveld and

Improve Frurt Qua“ty Of Greenhouse Van Der Burg, 1991). Fruits grown under

these conditions tend to have a thicker and
1 more resistant cuticle. They also have a low
Tomatoes Grown In ROCkWOOI turgor pressure because of reduced water

absorption by roots under a low osmotic po-

Simon Chrétien and André Gosselin tential Ws) of the nutrient solution and a more
Horticultural Research Center, Laval University, Sainte-Foy, QC, Canagsstant xylem transport system in the fruit
G1K 7P4 (Ho and Adams, 1995).

An increase in the EC of the nutrient solu-
Martine Dorais? tion can easily be achieved by adding NaCl,
Agriculture and Agri-Food Canada, Horticultural Research Center, La\)ggléﬁh;: 'Nesfa e’épegg'vsntga’\rﬂ‘gm?grfﬂf]‘:rtrfr'gr‘f
University, Sainte-Foy, QC, Canada G1K 7P4 increasing,E(,: with NaCl has no effect on
Additional index wordselectrical conductivity, fertigation, fruit cracking, growth, yield, when the rhizosphere concentration is

maintained within plant limit threshold
(Adams, 1987; Sonneveld and Van Der Burg,
Abstract. In order to improve fruit quality under the Northern climatic growing  1991). Sonneveld and Van Der Burg (1991)
conditions prevailing in Quebec, Canada (lat. 4N, long. 7°W), a greenhouse tomato reported that adjusting the EC to 1.5 mS*cm
(Lycopersicon esculenturill. cv. Blitz) spring production experiment was conducted with major nutrients allowed maximum yield,
using several irrigation regime and electrical conductivity (EC) levels. The irrigation and that all subsequent increases in EC could
regime treatments were a function of the global solar radiation, with three thresholds be achieved by adding NaCl without causing
applied to each EC treatment. The irrigation thresholds (KJ-m?) were 1) 468, 2) 540, and physiological disorders, as long as the total
3) 612. Two EC treatments were used: 1) control EC (2.0 to 3.5 mS&pand 2) 30% NaCl concentration in the rhizosphere did not
higher EC than the control (2.6 to 4.6 mS-cm), which was raised by adding NaCl to 12 exceed 12 mmol-L Although Adams (1987)
mmol-L-% Plant water potential in summer and in the fall and plant growth after 6 established this threshold at 37 mmol NacCl,
months were not affected by irrigation or EC treatments. Raising the EC increased the we did not observe any negative effects at 25
Na content of reproductive and vegetative parts and decreased the N concentration of thenmol-L-* (Dorais et al., unpublished data).
vegetative parts. The highest EC improved fruit quality by reducing the incidence of fruit Differencesin climatic and cultural conditions
cracking. Although marketable yields were not affected by ECH = 0.09) or irrigation probably explain these differences in the
regime (P=0.08) treatments, higher EC during March to September increase®&0.01) threshold limit.
the proportion of Class 2 fruit by reducing fruit size. The purpose of this investigation was to
improve fruit quality of greenhouse tomatoes
grown under spring climatic conditions
Many environmental and cultural factorsance between reproductive and vegetativyerevailing in northeastern North America,
can improve the quality of greenhouse tomaparts, and tomato fruit size may also be corspecifically the Quebec area. To achieve this
toes. Optimal control of greenhouse climatetrolled by water supply. Water deficit andobjective, two salinity and three irrigation
combined with appropriate fertigation man-changes in light intensity may reduce growthiegime treatments were compared, and their
agement, may help to maximize tomato fruitate and impair metabolic processes. Tuzel effects on plant water potential, mineral tissue
quality. Many studies have been conducted cal. (1994) demonstrated that more frequerdontent, growth, yield, and fruit quality were
fertigation management of greenhouse tomarrigation improved the growth rate and re-measured.
toes (de Kreij, 1995; Pearce et al., 1993; Tuzeluced the dry matter content of fruits, whereas
et al., 1994; Voogt and Sonneveld, 1997)water stress that occurred in the middle of the Materials and Methods
However, more information is needed on thesdiurnal period reduced fruit expansion (Pearce
new fertigation techniques for the climaticet al., 1993). The daily rate of water uptake by The experiment was conducted in Venlo
conditions in northeastern America. a fruiting tomato plantis 1.4 L (Adams, 1989) glasshouses located at the Horticultural
Water management influences thdnpractice, Hoand Adams (1995) have reporteResearch Center at Laval Univ. (lat.°M7
rhizosphere environment (e.g., media watdhat the volume and frequency of irrigation idong. 7TW), Quebec, Canada, from Dec. 1996
potential and salt accumulation), which in turl20-130 mL per MJ-th of solar radiation to Sept. 1997. ‘Blitz’ tomato plants were cul-
affects plant growth and photosynthesiseceived per plant for a fruiting tomato croptivated in rockwool slabs (Talent, series
(Atherton and Rudich, 1986). Yield, the bal-Therefore, the water and nutrient supply ar&rodania A/S, Hedehusene, Denmark) and
matched with the carbon assimilation or growttfiertigated with a standard nutrient solution
rate of the crop, resulting in balanced growttf11-15 nm NO,, 0.4 mu NH,*, 7.5-11 nw K,
Received for publication 12 May 1999. Accepted fo(Ho and Adams, 1995). 7-12 m Ca, 3-5 mn Mg, 1.5-2.0 m H,PO,,
publication 20 Sept. 1999. This research was sup- Conductivity adjustment is also useful for2—3.2 nm SO,, 1.5 mg-Lt*Fe, 0.75 mg-t:Mn,
ported by Agriculture-Québec and Les Pr,OdUCtEO”@rowers to modify the water availability to the0.10 mg-ELCu, 0.33 mg-t'Zn, 0.35 mg-L!B,
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his valuable advice and Réjean Demers, Dominiqu&©P e_md hence the vegeta_tlve_and re_produO:OS mg-t Mo)_. Plant q§n5|ty was _2.5—2.8
André Demers, Fabien Labbé, Rachel Daiglelive vigor of the plants, which in turn influ- plants/mi. Relative humidity (RH) varied be-
Claudette Roy, Nicole Deblois, Johanne Caron, anginces fruit quality (Holder and Christensentween 60% and 80% and air temperature be-
Sebastien Bolduc for their technical assistance. THE989; Massey et al., 1984; Rudich etal., 197 7)ween 2PC day/17C nightt 1°C. The pH of
cost of publishing this paper was defrayed in part bga|injty directly influences plant water rela-the nutrient solution was maintained between
ngtigggf‘gﬁgtpgg eﬂiﬂg rgfgfég;i'st%gdﬁg rgg;tr%'arrfggns because osmotic stress reduces wafe5 and 6.0 with phosphoric or nitric acid.
advertisemensolely to indicate this fact. uptake (Ho and Adams, 1995; Voogt andaily samples of nutrient solution were taken
To whom reprint requests should be addresse&OﬂﬂEVE'd, 1997)When |Ight|ntenSItyls lowfrom the rockwool slabs so that EC and pH
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injected into the air, except during the summetions of N, P, K, Ca, Mg, and Na on threements were: control (2.0 to 3.5 mS=¢rand
period (June to August), to maintain a concersamples per E.U. Prior to extraction, plan80% higher than the control (2.6 to 4.6
tration of 600 mg-t! in the greenhouse. Thetissues were digested as described by IsaatS-cmY), which was raised by adding NaCl
climate (air temperature, mechanical ventilaand Johnson (1960). A spectrophotometer (lt12 mmol-X. The irrigation regime was a
tion, vapor pressure deficit, light, G@and the 1100; Hitachi, Tokyo) was used to determinéunction of the global solar radiation with three
irrigation regime treatments were controlledhe total N and P concentration of the planthresholds applied to each EC treatment. The
by computer using the Insight software, versiotissues using colorimetric methods describethresholds were established at 468 (F1), 540
2.2 (Landis & Gyr Powers, Siemens, Ill.). by Bremner and Mulvaney (1982) and(F2), and 612 KJ-rfof solar radiation received
Yield and fruit quality were evaluated Chapman and Pratt (1961), respectively. Th@3) using a model described by de Halleux and
biweekly during 26 weeks. Class 1 fruitssame spectrophotometer was used to detéBauthier (1998). A drip irrigation system sup-
weighed >90 g with no physiological disordermine the phosphate and nitrate concentratiomqdied 100 mL of nutrient solution per plant per
Class 2 fruits 70-90 g with no physiologicalof the nutrient solutions according to Murphyirrigation period. Thus, F1 had the highest and
disorder, and Class 3 fruits <70 g, or hadnd Riley (1962) and Norman et al. (1985)F3 the lowest irrigation frequency and daily
physiological disorders such as blossom-enspectively. Concentrations of K, Ca, Mgijrrigation volume (Fig. 1). The irrigation period
rot (BER), gold specks, unevenripening, puffiand Na in the tissue and in the nutrient soluvas adjusted during the growing season to
ness, radial or circular cracking and russetingions were determined with an atomic absorpebtain 55% to 60% of water content in the
oradeformity. The marketable yield consistedion spectrometer (3300; Perkin-Elmerrockwool slabs at dawn. Irrigation regime and
of all classes except for fruits with BER,Ueberlingen, Germany). Plant water status i&C treatments began on 17 Feb. and the first
deformity, or radial and circular cracking.summer (21 June) and autumn (24 Sept.) wémrvest was 20 Mar. 1997. Main effects and
Leaf area and shoot dry weight were measuretbtermined using a pressure chamber (60Diteractions were analyzed for significance
every 2 months on three samples per expef®MS Instruments, Corvallis, Ore.) followingusing the analysis of variance (ANOVA)
mental unit (E.U.). Relative growth rate (RGRthe method of Xu et al. (1997). The wate(GLM) procedure (ver. 6.12; SAS Inst., Cary,
g-g-d?), specific leaf area (SLA, chy?’), potential of the nutrient solution from theN.C.). Means were compared using a prior
average specific leaf area (SLA, o) cal- rockwool slabs was measured with an osmontontrast analysis (Steel and Torrie, 1980).
culated for both dates of sampling, and netter (5500 Wescor vapor pressure osmometer;
assimilation rate (NAR, g-cfhd™) were cal- Wescor, Logan, Utah). For each analysis we Results
culated following Brown (1984) and the har-used three samples per replicate for a total of
vestindexwas calculated as [(fruit fresh weighthiine measurements per treatment. From March to September, salinity and
total plant fresh weight above-ground}00]. The experiment was arranged as & 3 irrigation regime treatments had no effect on
Mineral analyses were done on shoot, fruitfactorial with two EC levels and three irrigationshoot dry weight (317 g), leaf area (10,244
and nutrient solutions extracted from theegime in a split-plot design with three repli-cn), fruit dry matter (5.4%) or plant growth
rockwool slabs to determine the concentracates (54 plants per E.U.). The two EC trearate (RGR of 10.% 102 g-g*-d?, NAR of 3.6
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Fig. 1. Mean daily global solar radiation and irrigation.
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x 10* g-cm?d?). However, a significant russeting by 68% (Table 1). Irrigation treathigh EC vs. control), whereas Na concentra-
interaction between salinity and irrigationments had no significant effect on fruit siBef tionwasincreaseéE& 0.0004) (27.42vs. 3.66
treatments was observed for specific lead.14) or fruit cracking® = 0.22). Increasing EC mwm). The effects of EC and irrigation regime
area (SLA) in May P = 0.03) and in July with NaCl and heavy watering (F1) decreasetteatments on K, Ca, and Mg of shoot, fruit,
(P=0.02) for SLA (—) (data not shown). the incidence of fruit with gold speck from 6.4and slab nutrient solution concentrations were
From week 15 of harvest until the end of theo 5.1 kg-n? (P = 0.02) (Table 1). Irrigation nonsignificantwhen averaged over the duration
experiment, total yield in the control ECregime had no effect on fruit deformity at highof the experiment.
treatment, receiving the most water (F1)EC, but the highest irrigation regime (F1) in- Plant water potential was not significantly
was greater than that of the high EC treatreased fruit deformity at the control EC, whileaffected by salinity ® = 0.37) or irrigation
ment receiving the least water (F3) (Fig. 2)the lowest irrigation regime (F3) reduced itregime P = 0.47) (data not shown). However,
Differences among the other EC and irrigaresulting in significant interactiorP(= 0.04). it was lower in June (—936 kPa during the day,
tion regime treatments were nonsignificantSalinity and irrigation regime had no significant-380 kPa during the night) than in September
After 26 weeks of harvesting (16 Sept.), theffects on fruit susceptibility to BERPE 0.43)  (—644 kPa during the day, —459 kPa during the
weight of Class 1 fruit (Table 1), harvestor puffiness P = 0.45) (Table 1). night). In June, the water potential of the nutri-
index and marketable yield (data not shown) Increasing EC with NaCl significantly entsolutions extracted from the rockwool slabs
were not significantly affected by either EC(P = 0.03) reduced the N concentration in thef the plants fertilized with the high EC was
(P =0.81,P =0.89, and® = 0.09, respec- shoot, regardless of irrigation regime (1.9% vssignificantly lower P = 0.02) than that from
tively) or irrigation P=0.60,P=0.82, and 2.0%). The Na concentrations in shootshe control slabs (—237 kPa vs. —182 kPa).
P = 0.08, respectively) treatments. (P = 0.0001) and fruitsR = 0.0002) were

Regardless of the irrigation regime, raisincreased (0.61% vs. 0.16% and 0.15% vs. Discussion
ing EC with NaCl increasedP(< 0.01) the 0.04% in shoots and fruits, respectively).
weight of Class 2 fruit by 30% and reduced®hosphate levels in the slab nutrient solutions For spring production (March to Novem-
(P=0.04) fruit susceptibility to cracking andwere reducedR = 0.04) (0.43 vs. 0.60 min  ber), increasing salinity of the nutrient solution

Total yield (g m'z)

¥Weeks of harvesting

Fig. 2. Effects of electrical conductivity (EC) and irrigation treatments (F) on total yield of tomatolafter 26 weeks of harvesting.

Table 1. Effects of electrical conductivity (EC) and irrigation (F) treatments on the total yieldjlaf-@lass 1 (>90 ng), Class 2 (70-90 g) tomato fruits, and
of fruits with physiological disorders during 26 weeks of harvesting.

Treatments Yield of Class 1 fruit Yield of Class 2 fruit Gold speck Blossom-end rot Deformity Puffiness Cracking
EC1 (2.0 to 3.5 mS-ct

FI 6.9 0.175 6.4 15 2.2 8.7 1.3

F2 6.4 0.369 5.2 29 1.2 6.3 0.6

F3 7.7 0.469 5.7 1.8 0.9 6.6 0.5
EC2 (2.6 to 4.6 mS-chf

F1 8.0 0.328 5.1 2.2 1.0 6.6 0.3

F2 7.2 0.496 5.0 1.7 12 6.2 0.3

F3 6.5 0.496 6.4 21 0.9 4.8 0.1

Significance

F 0.603 0.145 0.290 0.847 0.844 0.164 0.218

EC 0.807 0.013 0.209 0.919 0.087 0.104 0.038

FxEC 0.303 0.256 0.025 0.435 0.042 0.453 0.376

Contrasts
F linearx (EC1 vs. EC2) 0.155 0.129 0.009 0.831 0.035 0.849 0.261
F quadraticx (EC1 vs. EC2) 0.587 0.574 0.806 0.220 0.096 0.231 0.412

“Russeting, radial and concentric cracking.
YIrrigation: F1 = 468, F2 = 540, F3 = 612 K3m
XEC2 adjusted using 12 mmotiNacCl.
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(1.8-3.5 to 2.3-4.6 mS-cidid not reduce 380 mg-L?!, Gormley and Maher (1990) notedand gold speck fruit was greater at low EC.
growth. However, from May to July, increas-a reduction in the number of fruits with uneverThe presence of gold speckle deposits near
ing EC under the control irrigation regimecoloration from 40% to 21% to 12%, respecthe calyx affects the external appearance and
treatment (F2) increased SLA. Al-Rawahy etively. Potassium is also essential for manyeduces shelf-life of fruit. This phenomenon
al. (1990) reported that dry matter productiomplant processes, including protein synthesisyas related to high uptake of Ca (de Kreij et
and N uptake of tomato plants were signifienzyme activation, membrane transport, chargd., 1992). High levels of P or Cl also favor
cantly lower when the salinity was raised fronbalancing, and the generation of turgor. Fogold specks due to their positive effect on Ca
30 to 400 kPa with 24 mNaCl. They sug- thisreason, the application of NaClto partiallyuptake.
gested that these responses might result fromplace major nutrients and/or increase nutri- Our results suggest that increasing EC
a combination of osmotic and specific ionent solution salinity should be done with care(2.6 to 4.6 mS-cm) with NaCl (up to 12
effects of Ct and/or Na In agreement with as the uptake of K may be reduced by Nain themol-LY) improves tomato fruit quality
this study, we observed that increasing salinitgolution, thus reducing K content of the fruitwithout affecting total yield and plant devel-
up to 4.6 mS-cm during spring production (Adams, 1991; Adams and Ho, 1989). In ouopment. The use of NaCl both reduced the
reduced N uptake, expressed as shoot N costudy, 12 mmol-t* of NaCl in the nutrient cost of fertilizer and environmental pollution
centration. This may be explained by arsolution did not significantly reduce shoot androm nitrate and other plant nutrients. How-
antagonistic effect of Clon NQ~uptake. fruit K concentration. No significant differ- ever, increasing the water supply as global
Nitrate reductase (NR) activity of tomato leavegnce in fruit coloration during ripening wassolar radiation increased improved tomato
was reduced by high NaCl concentration (6@bserved between highEC (12 mmolNacCl) vyield in the last few months of production but
mm) in the nutrient solution (Martinez andand control EC (without NaCl) treatmentsreduced fruit quality (more gold specks, mis-
Cerda, 1989); this in turn reduced N uptakédata not shown). Partial replacement of majshapen fruits). Research is needed on the
and foliar N content. nutrients such as nitrate by NaCl, KCI, orinteraction between EC and water manage-
The balance between vegetative an€aCl, is an excellent tool to improve fruit ment at different crop stages and light levels
reproductive growth, expressed by the harveguality and reduce environmental pollution. on nutrient uptake, water stress, and fruit size
index, was not affected by increasing the EC. A desirable balance between vegetativand quality.
However, increasing the salinity increased thand reproductive growth can be achieved by
weight of Class 2 (smaller) fruits. Adams andvater management (Cooper, 1978). In addi-
Ho (1989) reported that salinity affects fruittion, well-controlled irrigation may improve
size by reducing water content rather than driyuit quality in terms of cracking, size, and
matter accumulation. However, total yield andlavor (Abbott et al., 1986; Ho and Adams, -
Class 1 (larger) fruits in our experiment werel995; Peet, 1992). In our study, regardless 0 beortst: gh%'h'\_ﬂé'_wégfgeﬁ’_ ?é';é_\’\gyfgi’tf c',fci'rr?;;?on
not affected by the treatments, whereas tHeC levels, irrigation treatments did not affect  frequency and scheduling on fruit production
total weight of fruits with cracking, especially growth, water potential, tissue mineral con-  and radial fruit cracking in greenhouse tomatoes
with russeting, was reduced by increasing thient, or fruit quality. Moreover, vegetative and  in soil beds and in a soilless medium in bags.
EC. Fruit cracking is generally associated witleproductive vigor of the plants, as expressed Scientia. Hort. 28:209-217.
the rapid net influx of water and solutes intdy the harvest index, was not modified. InAdams, P. 1987. The test of raised salinity. The
the fruit when cuticle elasticity and strengthcontrast with the results obtained by Peet and Grower 107:23-27.
are reduced (Peet, 1992). Salinity has Willits (1995), the percentage of cracked fruif*dams. P. 1989. Some effects of root temperature
profound effect on the water relations of plantslid not increase when a higher daily volume of ﬁ‘rl‘:flt‘e gr%v\_/tgzarllr?_ glgé'igtrusrgmﬁzggﬁﬂ]uﬁoﬁfﬂ'n
because osmotic stressreduces uptakeofv_vamrtrient solution_was applied per plant, possi- Proc’.p.7th Intl. C-:ongr-. on Soilless Culture.
(Ho and Adams, 1995). Even though raisingly because of differences in media (peat bags \wageningen, The Netherlands.
EC did not significantly affect fruit dry matter vs. rockwool) and experimental conditions adams, P. 1991. Effects of increasing the salinity of
in our study, the resulting reduction in watetJnder Northern European growing conditions, the nutrient solution with major nutrients or
uptake may explain the reduction of fruit sizéeHo and Adams (1995) reported that the vol- sodium chloride on the yield, quality and com-
and cracking. ume and frequency of irrigation for a fruiting  position of tomatoes grown in rockwool. J. Hort.
High EC can reduce Ca uptake, even thougiemato crop is 120-130 mL-MJHof solar Sci. 66:201-208.
the Ca concentration is high in the nutrientadiation received per plant. Under cIimaticAdamZ'ﬂP' and L.C. 'I'.'Q' 198% Effe::(;s of ?O”Sta;t
solution, and induce a local Ca deficiency irconditions prevailing in Quebec for spring ﬁglciu‘;ﬁg"t{;‘lﬁ'ﬂfoﬁ%ﬂ%’tggé fﬂin’gﬁf‘gﬁ;s_
tomato fruit called blossom-end rot (BER)production, 214 mL-MJ-thper plant was re- 732, o T
(Ho and Adams, 1995). In our experimentguired for good marketable yield. Thereforea|.rawahy, S.A., J.L. Stroehlein, and M. Pessarakli.
increasing EC with NaCl did not increase theolume and frequency of fertigation may vary  1990. Dry-matter yield and nitrogen-15, Na, Cl,
incidence of fruits with BER or decrease fruitsignificantly according to the irradiance, i.e., and K content of tomatoes under sodium chlo-
Ca concentration. This might be explained byn climates with higher irradiance, a higher ride stress. J. Plant Nutr. 15:341-358.
a higher Ca uptake resulting from a higheirrigation rate per MJ may be required. Atherton, J.G. and J. Rudich. 1986. The tomato
chloride concentrationin the nutrient solution. Control of EC and water management Crop: A scientific basis for improvement.
According to Nukaya (1992), a chloride con-allows the grower to modify the water avail- _Chapman and Hall, New York. p. 581-644.
centration of 8-13 mmol-L increases Ca ability to the crop andinfluencesfruitqualityB'retmner'‘]"V"anoI C.S. Mulvaney. 1982. Nitrogen-
L . otal, p. 595-624. In: A.L. Page, R.H. Miller,
uptak_e, reduces the incidence _of B!ER, an(Holder anq Christensen, 1989; Pearce etal., jn4pR. Keeney (eds.). Methods of soil analy-
may increase the number of fruits with goldl993; Rudich et al., 1977). Water stress or s part 2; Chemical and microbiological prop-
specks. In our study, increasing EC with NaChigh EC, however, may affect uptake of nu- erties, 2nd ed. Amer. Soc. Agron., Soil Sci. Soc.
[up to 12 mmol-Etunder the highestirrigation trients such as Ca (Ehret and Ho, 1986), as Amer., Madison, Wis.
regime treatment (F1)] reduced the incidenceell as fruit growth rate (Pearce et al., 1993Brown, R.H. 1984. Growth of the green plant, p.
of fruit with gold specks by 20%, but had noand quality (BER, small fruit size). Our re-  153-174. In: M.B. Tesar (ed.). Physiological
effect on fruit Ca concentration. sults demonstrate that lower EC, combined basis of crop growth and development. Amer.
High K in the nutrient solution is essentialwith higher irrigation in the period of high \?\zg Agron., Crop Sci. Soc. Amer., Madison,
}‘_cf>rgood tomatoquah_tyf?color, flrrr;]ness, shelfsolar r_adlatllon (QUI_)ll, August), ||n_cre_ase wate&hapmant H.D. and P.F. Pratt. 1961. Methods of
ife, and tas_te), and in uences the content cﬁ_nd mineral assimilation, resulting in abett_er analysis for soils, plants and waters. Div. of Agr.
titratable acids. Moreover, Davies and Winsoyield (Fig. 2). These results agree with earlier s, “univ. California, Davis.
(1967) noted a positive effect of K on fruitobservations (Tlzel et al., 1994) and suggesghboper, A.J. 1978. Methods of establishing young
sugar content, dry matter accumulation anthat increasing irrigation during the summer plantsin anutrient-film crop. J. Hort. Sci. 53:189—
gustatory quality. As K concentrations in thancreases yield. However, under the high 193.
nutrient solution increased from 180 to 280 tdrrigation regime, the incidence of misshapef®avies, J.N. and G.W. Winsor. 1967. Effect of
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