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Table 1- Chemical analysis of the water used in the experiment.
meq/l TDS (mg/l) pH  EC (dS/m)

HCO; CIF SO/ Mg* Ca* K* Na*
. J s Ll 4 | s S colas
ol S A Sl e S el ol »E -~

3.5 1.7 1.3 09 34 01 19 415 7.2 0.65

.(ﬁ)éf;&c‘)d‘i&d"l’b‘))drﬂﬁvs}d}dﬂ};ﬁuw—Y Jgd
Table 1- Concentration of macro- and micronutrients in the nutrient solution (mg/l).
Cu Mo Mn B Zn Fe S Mg Ca K P NH; NO3
e O 5K Ly s ol 2SS e S ey i el ol
008 008 04 03 033 18 795 36 130 190 40 10 120
(Mercurio, 2007)
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Figure 1- The components of the fertigation system used in the research.
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Table 3- Mean comparisons of morphological parameters of cut rose ‘Samurai’ cultivar as affected by

different refill nutrient solution concentrations and Nano-silica foliar application in closed system.

25 5 Bl s

sl Jsb s s Jsb
©m?) & ; o S sl =eStem cm) mm) mm) sles
Leaf area (cm?)  Leaf Number Diameter Stem Length  Bud Diameter ~ Bud Length Treatment
(mm) (cm) (mm) (mm)
oS 5 J gl chali
Refill Nutrient Solution
concentration
202.76+5.02*  16.47+0.40%  7.95+0.06* 93.70+1.01* 39.19+0.30* 53.45+0.22%  Full strength
184.77+9.04°  16.70+0.542 8.00+£0.05* 93.06+0.73% 38.68+0.372 53.05x+0.13% 3/4
150.73+4.33¢  15.81+0.48°  7.76+0.06® 92.30+0.51% 38.68+0.34% 53.47+0.222 1/2
141.66+7.57d  14.71+0.20° 7.49+0.06° 87.69+0.88" 37.00+0.35° 52.49+0.54? 1/4
0 5 ) o 56 2 slons
(A o
Nano-silica foliar application
(mg/l)
15355£6.68" 15.03:026b 7.76:0.06° 90984064 3877:0.40° 2T 0
186.41+6.65 1680:0.27a 7.84:0.07° 9230:093 3801:0.14° 20 2
ANOVA source
Jdoe clale
c.,\;.\s).i
** ** ** ** ** ns
Refill Nutrient
Solution
concentration
s ome
*% *% ns ns *% ns T }U
Nano-silica
foliar
application
Jdoe clale
# 0dS
st e
*x * * * *x ns V"‘"LM)JL
Refill Nutrient
Solution
concentration
* Nano-silica
foliar
application
3.62 4.54 1.79 241 1.53 1.57 CV%
: 51
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Means + SE with the same letter within the columns are not significantly different according to the least
significant difference (LSD) test. * and ** are significant at the probability level of (P =0.01) and (P = 0.05),
respectively.
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Figure 2- Interaction of different concentrations of refill nutrient solution and Nano-silica foliar

application on (a) bud length and (b) diameter. The same letters indicate no significant difference
according to the least significant difference (LSD) test at 5% level.
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Figure 3- Interaction of different concentrations of refill nutrient solution and Nano-silica foliar
application on (a) stem length, (b) stem diameter, (c) number of leaves and (d) leaf area. Means with the
same letter are not significantly different according to the least significant difference (LSD) test at 5%
level.
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Table 4- Mean comparisons of physiological parameters of cut rose ‘Samurai’ cultivar as affected by
different refill nutrient solution concentrations and Nano-silica foliar application in closed system.

o o) o) 9 gy ©
—~ D — > — — —~ a1 o -
3¢ §Zy Fg_ w 2o 3z B s
e Z . -Poxi— e S 9 ¢ Q © ¢ @;O’f' ~3 = . -
22 F g & 588 TEY FE¢ ‘s
$E% g3 20t 2% 2< 25 € ¢ Treatment
= FUE" 5 =~ s} ~ o ~ 1) (33_ 9,, \\;
oSy Jplowe 2lale
Refill Nutrient
Solution
concentration
203.50+4.84% 249.08+5.53% 0.427+0.01* 0.119+40.018 0.314+0.00®° 59.60+1.52% Full strength
176.31+£2.93° 221.57+3.09° 0.402+0.01® 0.094+0.01° 0.314+0.018  60.62+0.94% 3/4
146.1+3.33¢  221.57+2.28" 0.368+0.01° 0.076+0.01° 0.297+0.00® 56.47+1.23P 1/2
116.23+4.979 213.25+3.66° 0.379+0.01°¢ 0.100+0.00° 0.280+0.01° 57.13+1.46° 1/4
r:--:'\:”‘fu ;r:"';dyl’“
(AN ¢ S )
Nano-silica foliar
application (mg/l)
151.14+8.81° 221.8+3.58" 0.392+0.01® 0.103+0.012 0.295+0.012 56.57+0.77° 0
196.94+8.29a 230.03+4.87% 0.396+0.012 0.092+0.00® 0.310+0.012  60.34+0.952 2
ANOVA source
oSy Jgloms lals
** > ** ** * * Refill Nutrient
Solution concentration
x* * ns x* ns o Nano- silica foliar
application
fféewﬁd}izﬂg_w 2le
* * ** *x * * Refill Nutrient
Solution concentration
*Nano-silica foliar
application
3.53 3.92 5.83 8.73 7.85 5.33 CV%

e T bl sl gl e <o slis (LSD) ls me SNt op aS Oga3] ol 5 aline Gs i slls sla pSOls O g o s T
(P=0.05) aos iy 5 P =0.01) to s S Szt o 55 s s

Means + SE with the same letter within the columns are not significantly different according to the least significant
difference (LSD) test. * and ** are significant at the probability level of (P = 0.01) and (P = 0.05), respectively.
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Figure 4- Interaction of different concentrations of refill nutrient solution and Nano-silica foliar
application on (a) Stem fresh weight, (b) Chlorophyll a, (c) Chlorophyll b, (d) Total Chlorophyll, and (e)

Anthocyanin. Means with the same letter are not significantly different according to the least significant
difference (LSD) test at 5% level.
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Figure 5- Interaction of different concentrations of refill nutrient solution and Nano-silica foliar
application on leaf carbohydrates and postharvest longevity (PHL). Means with the same letters are not
significantly different according to the least significant difference (LSD) test at 5% level.
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Table 5- Mean comparisons of postharvest longevity, production, water and fertilizer efficiency of cut rose

‘Samurai’ cultivar as affected by different refill nutrient solution concentrations and Nano- silica foliar
application in a closed system.
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Means + SE with the same letter within the columns are not significantly different according to the least significant
difference (LSD) test. * and ** are significant at the probability level of (P = 0.01) and (P = 0.05), respectively.
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Figure 6- Interaction of different concentrations of refill nutrient solution and Nano- silica foliar

application on production, water and fertilizer use efficiency. Means with the same letters are not
significantly different according to the least significant difference (LSD) test at 5% level.
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Figure 7- Principal component analysis (PCA) for some physiological and morphological traits,
postharvest longevity, and water and fertilizer use efficiency of cut ‘Samurai’ rose under different
concentrations of refill nutrient solution and Nano-silica foliar application in a closed system. SL: stem
length, SD: stem diameter, BL: bud length, BD: bud diameter, FW: fresh weight of 50 cm stem, LNO: leaf
number, LA: leaf area, Chla: chlorophyll a, Chlb: chlorophyll b, Chit: Total chlorophyll, Ans:
anthocyanin, CHO: carbohydrate, PHL: postharvest longevity, yield, FUE: fertilizer use efficiency, WUE:
water use efficiency.
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Table 6- Evaluation of the effect of refill nutrient solution concentration at two levels of nanosilica
application on the quality*, yield and water and fertilizer use efficiency** of cut rose ‘Samurai’
cultivar using a numerical scale. The method with the highest score has a higher overall quality and

efficiency.
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*Flower quality (bud length, diameter, and stem length) was scored based on the producer's standard table from 1 to

10 (Jaafari, 2019).
**Production, water, and fertilizer use efficiency were scored on a 1-9 scale, where 1 represented the lowest quality, 6

indicated acceptable quality, and 9 indicated the highest quality.
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Abstract

Closed hydroponic systems are expanding because of increased water and fertilizer use efficiency.
Because of Iran's limited water resources, investigating the feasibility of these systems is a research
priority. To investigate the effect of different refill nutrient solution concentrations and nano silica foliar
applications on the yield, quality, and resource use efficiency of a cut rose ‘Samurai’, a factorial
experiment using a completely randomized design with 4 levels of refill nutrient solution concentrations
(control or using a full-strength nutrient solution in an open system, three quarters, one second, and one
quarter) and two levels of nano silica (zero and 2 mg/L) was carried out. In recirculation treatments, the
drained solution was collected from the beds for each treatment and returned to the main tank; then, to
compensate for the decrease in water and nutrient volume, nutrient solutions at three-quarter, one-half,
and one-fourth concentrations were used to refill. Four months after recirculation began, nano silica was
applied via foliar spray at one-week intervals for 12 applications. The highest bud length, stem length
and diameter, leaf number and area, and stem fresh weight were associated with the control and three-
fourth refill nutrient solution treatments with nano silica. Total chlorophyll was highest in the control
without nano silica. The control with nano silica foliar application had the highest carbohydrate content.
Across all refill nutrient solution concentrations, nano silica increased carbohydrate levels compared
with its absence. The control and three-quarter nano silica treatments also showed the highest
postharvest longevity and yield. The three-quarter nano silica foliar treatment showed the highest water
use efficiency. The one-quarter nano silica treatment showed the best fertilizer use efficiency. These
results show that using a three-quarter concentration of the refill nutrient solution with nano silica foliar
application can be a suitable alternative to conventional open cultivation in greenhouses, while
maintaining flower quality and increasing water and fertilizer use efficiency.

Keywords: Greenhouse, Controlled production, Fertilizer, Resource-saving, Cut flower.
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