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Fruit Size Characteristics and Growth Rate
of Cucumber ‘Puang’
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ABSTRACT

Harvested fresh-market cucumbers ‘Puang’ were sampled for the measurement of their diameter, length,
fresh mass and volume. Sampling was from the same experiment, which was set to study the effect of irrigation
and fertilizer rates on the yield. With a split-plot design, the main plots were 3 levels of irrigation rate: 100%,
150% and 200% of potential evapotranspiration (PET), based on Penman method of 15 years average data of
Kamphaeng Saen. Water was applied in furrow twice a week. The sub-plots comprised 4 levels of 2:1:1 ratio of
fertilizer. These were 10 kgN, 5 kg available ons and 5 kg K2O per rai in the first level of application, while fer-
tilizer levels 2, 3, 4, were 2, 3, and 4, times the first rate. Fertilizer was split equally into 6 applications. The
growing period of cucumber was 82 days. Harvest began 39 days after seeding.

Experimental treatments showed no effect on the size characteristics of the fruit. The fresh mass (M in g)
equals 1.034V, where V is volume in cm®, with the specific gravity = 1.041 Mg m™>. Cucumber comprised water
up to 95.4% of its fresh mass. Fruit length was 2.26 times of the diameter at the middle of the fruit. Of the 361
cucumbers measured, the average fresh mass was 40.81+15.87 g, the length was 6.98+1.05 cm and the diameter
was 3.11+0.42 cm. The relationship between the mass and the diameter and length was M = 0.504D" 79019
However, two other relationships, namely, M = 19.572+2.749(DL) and M = 0.4208(DL)1'472 gave equally good
fit.

In describing growth rate, the diameter and length of fruit were measured regularly in the morning (9-
11 h) and afternoon (14-16 h) from the days of fruit setting (DAFS). Using the above relationships, the fruit mass
was calculated from the size parameters. The growth rates of diameter, length as well as mass were found
to be an exponential function of DAFS, in a general form of Y = A exp(BxDAFS). The results showed that the di-
ameter would expand at the rate of 1.41, the length at 1.36 and the mass at 2.75 times per day. Therefore, cucum-
ber would expand at so fast a rate that 90% of all the cucumbers were ready for harvest within 5 days after fruit
setting, and require daily harvesting. Cucumbers from the plots receiving water rate of 200% of PET could be
harvested 3/4 day earlier than those from the 100% of PET plots, while fertilizer rates resulted in only 1/4 day
difference. Of all the fertilizer rates, level 1 gave the best growth. Interestingly, it was found that the growth rate
during daytime (a period of 5 hours from 9-14 h) was proportionally high in comparison with the rate during the
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rest of the day until the following morning. The size parameters had the growth rate ratio of 1:1.2 and the mass
1:1.6 during the two time periods. Apparently, the availability of photosynthate from the leaves to the fruit was
necessary for lowering of the osmotic potential, so that water could flow into the fruit for its expansion. Cucum-
bers in the plots that received irrigation rates at 150% and 200% of PET had higher mass accumulation rate during

daytime than those in the 100% of PET plots.
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cucumber fruit, fruit size, fruit growth rate, irrigation rate.
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Table 1 Relationships of cucumber fruit size parameters, M = mass, V = volume, D = diameter at the

middle of fruit, L = length.

L Relationships Unit Regression coeff., r Number of data
1.  M=o0.504 DML g 0.986 361
2. V=0.493 D"7L1207 cm® 0.975 108
3. M=1.03445 V g 0.984 108
4. D=1.441 + 0.239L cm 0.804 361
5. L/D=2.286 cm/cm 361
II. Other relationships Unit Regression coeff., r Number of data
8. M=-19.572 + 2.749 (DL) g 0.977 361
7. M= 0.421 (DL)"*"? g 0.981 361
8. V=-21.280 + 2.775 (DL) cm® 0.963 108
9. V=0.403 (DL)"*"’ cm® 0.971 108
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CALCULATED MASS (g)
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Figure 1 Calculated fresh mass from the fruit diameter and length using
the relationship of M = 0.504D"7%°L11%! showing good agree-
ment with the actual mass.
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Figure 2 Calculated volume from the fruit diameter and length using the
relationship of V = 0.493D1'76°L1‘2°7, showing good agreement
with the actual volume.
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Figure 8 Actual fresh mass as a function of the actual volume. The line is

FRUIT LENGTH (cm)

the function M = 1.034V.
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Figure 4 Fruit length as a function of diameter at the middle of the fruit..

The line is the function L = 2.26D.
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Table 2 Fruit mass and the corresponding length
and diameter according to the relation-
ships 1 and 5 in Table 1.

Mass Length Diameter ~ Number of
(2 (cm) (cm) fruit per kg
10 4.4 2.0 100
20 5.6 2.5 50
30 6.4 2.9 30
40 7.0 3.2 25
50 7.5 3.4 20
60 8.0 3.6 17
70 8.4 3.8 14

AdwARIt (Marcelis, 1992) wuhlddoaglilnd
< Y A o o A 9
(foeiy ABUMINIIWUE Corona deignludaiugu
I} { [y @
amwiadon Towgiuned 17-22 Sundaninesn
aon  aunsolsziiuuiagavewanndsuinsuowwa
Y d o o odn X o
18 Tehuanuduiusiliduduerguazvinaveawa
HAZHATINVOIQUUYINGINT 10°F  TUTENINYN
a v & Y v
(AUTAROLAINNWUE Corona UdAAIUVBAIALNA
1 ¥ I 1}
AU 6% 1ilosuAaNa LdIaAaIYAD
8
4% Tu¥9 5 Juusnvaanneenaen wasnnuullde
FIUVDINIAUINADYY AADINUADUTIAINN 3% U
1Y) A 2 { ' 1 3 " @
feey 17 Swienuney Tmanuanduwziiiiy
0.976 lnzAsY

t’)’mmmﬁuimmumn‘nﬁug‘ma

a’: 1 a o3 o Y &
gasuaansuduwassiuiiuium o Fedu

[} o3 1 o v P
Trgjeziunal 1 Sundaninesnaen Tonunduneg
& @ o A P R
W 2 Jundannesnaon tilsralivunansiala
é o3 t ] A Y o v 4" A [ 9/ )
SRR ER I SR U E I AR TERLTI TR BT C T LT T

L4 o 0 A g
AUINANLATANNINIVEINA  tazazdBIleINalY
AOUIT (9-11 W.) LAZABULNY (14-16 U.) INMTI
¢y Sy ¥ ' A o Y ¢
insEvoyahla HARINANMITTATIVOUTUHIAUD

¢ a aya |
ALINHAINAAT (INY.) 19 27 mium 4

o o @ °
nauazAaue  snshililandusniidevessiuou

Jundannaana (days after fruit setting, DAFS)
gl

LnY = a+ BxDAFS  (1.1)
V) Y - A exp(BxDAFS) (1.2)
FuFoulmildh Y/Y_ = exp(B) (1.3)

A =1 A & o '
o A = exp(a) waz Y, 1lumiiinldniaiuriou
v
t a0 v o
wih  aumsdedunanshiienduriigudnmaiaz
AnueIvedra  sxRunlslugdinvenmdevesrns
s L o Qs A o/ 4
Sundenindana visedmisnilanaaasluaunisi 1.3
[ H v o =1 1 PR | v
1 msidsumasuazitluiindl Funidu exp(B)
Al A B Uaz Y/Y, = exp(B) lduanslu Table
[ v a‘(,ly 9 v o do
3 Aunanitlannnmsidhgdauns anuduiusaa

< v 1 dwyy o 4
11N 1.1 nummﬂ"lmmmnwammu 158 W@ (UD

¥ 4 o 14 o 3 2y v A
l‘\l'\WQﬂ‘]ﬂ«lllﬁ'J i]zﬂﬂ‘\lﬂl;llﬁﬂ'lﬂﬂﬁﬂdvlﬂuﬂ‘\lﬂll'ﬁ'ﬂllﬂ1

@ o de 1A e o w A ¥ Ao ) Y
anduusnlutiloddiss Joyantigalumsithgy
9 a ('a ' 3 4' 9 v dl
aunstesiull (M 4 ya) uazdeyaiilvimiaeh
'0 a ) A 1 4 o
A uay B gasemAnUnd adldunwaiiiisasinmady
] - 4 [
Tasraisnnavietnn uunedlu 2 Su vse s-
12 JuswaudeyanlFlumsinsizilduandu Ta-
Y y Ay 4 v o -
ble 3 Awud elamasiianuandininie
= it e A o LI @
wuungiarmanioniiniy  umawaadlumseng
' a4y ¥ 1 [y [] o A [
na12 wailauaasindurigudnasszdaveioiy
' i o \ A s l
1.41 (MaeNu (1.41 Yo milaTuRsuUM) LAzl
. i o A 1 s
Anuuwaziii 1.36 MAB iU Fauaasiiisasins
4 Ve o Ay P o
vaverwlndifsany  Tasiduiigudnaisezveedd
o 4 +d v & A v '
Tusasusaniuantios Natlimsrzuinasuduvoudusi
guinan (M A = 0.692 w1.) fiandesnnanuen
Guduiiou 3 1@ (A, = 1.896 %1.)
=y [ o o a
wonnil dalddnnzidanmsiaulaveaa
9 o w (4‘ 1
vowa Tavldanuduiusnlaludiuusnvessionu
AuIanNANdURIgUINAIWATAMLEIVBINE
y Yy
fio M = 0.504D""**LM*! yiafldseguuaundgiui



D,

2unuasnans (Ine.) I 27 afud 4

160

140 1

CALCULATED FRUIT MASS (g)

20 -

120 -:-
100 -
80 -
60

40 § HARVESTING RANGE

______________________________________________

________________________________________________________

0 1 2 3 4

DAYS AFTER FRUIT SETTING

Figure 5 Increase in calculated fruit mass as affected by the rates of irriga-
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tion. Irrigation rate is in percentage of potential evapo-transpira-
tion based on Penman method over 15-year average data.
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Figure 6 Increase in calculated fruit mass as affected by the level of ferti-

lizer application. Fertilizer level is 10 kg N, 5 kg P205 and 5
kg K20, and the rates of fertilizer at other levels are the multi-
ples of level 1.
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Figure 7 Midday relative growth rate of fruit mass, e.g. the value of M/
Mo, when M0 is the mass at the beginning and M is mass at the
end of period. Midday is from 9-14 h, a period od 5 hours.
Fertilizer level is 10 kg N, 5 kg P205 and 5 kg KZO, and the
rates of fertilizer at other levels are the multiples of level 1.
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Figure 8 Night relative growth rate of fruit mass, e.g. the value of M/Mo,
when Mo is the mass at the beginning and M is mass at the end
of period. Night is from 14 h to 9 h of the following day, a pe-
riod of 5 hours. Fertilizer level is 10 kg N, 5 kg P205 and 5 kg
KzO, and the rates of fertilizer at other levels are the multiples
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Table 3 Values of constant in the growth rate relationships of fruit diameter(cm), length (cm) and mass
(g) with the days after fruit sets'(DAFS) in the exponential form of Y = A exp(BxDAFS), or Y/
Yo = exp(B), where Yo is the value from the previous measurement.

Treatment Period Parameter A B Y/ Y~ Number of data
Average of all data
Morning Diameter 0.6918 0.3439 1.410 144
to next Length 1.8958 0.3082 1.361 146
morning Mass 0.5568 1.0113 2.749 133
Morning to Diameter 1.092 691
afternoon’ Length 1.078 691
Mass 1.295 691
Afternoon Diameter 1.291 698
to next Length 1.259 697
morning Mass 2.078 691
Irrigation rate, %PET?
100 Morning Mass 0.4625 1.0081 2.7432 45
150 to next Mass 0.6032 1.0209 2.7756 42
200 morning Mass 0.6106 1.0032 2.7270 46
Fertilizer level®
0 Mass 0.5545 1.0416 2.8336 22
1 Moming Mass 0.5046 1.0598 2.8859 23
2 to next Mass 0.6313 0.9985 2.7142 20
3 morning Mass 0.5621 0.9585 2.6078 24
4 Mass 0.5241 1.0310 2.8037 26
5 Mass 0.5576 0.9770 2.6564 18

! morning to afternoon is from 8-14 h.

2 potential evapotranspiration as calculated by Penman method, based on 15-years mean climatic data.

% level 1 = 10 kgN, 5 kgP20 g B kgK20, other levels are multiples of level 1.
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Table 4 Fruit mass, length and diameter as an
exponential function of days after fruit
setting.

DAFS Mass, (g) Length, (cm) Diameter, (cm)

0 0.56 1.89 0.69
1 1.53 2.58 0.97
2 4.21 3.51 1.38
3 11.67 4.78 1.94
4 31.81 6.50 2.73
5 87.44 8.85 3.86
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