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Evaluation of Mass Balance Method to Determine Nutrients

Concentration of Substitutional Solution in Soilless Closed
Hydroponic System of Greenhouse Cucumber
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Table 1. The optimal level of leaf nutrients in greenhouse cucumber (third to fourth full mature and developed
leaves from the end growing point) in three stages of growth (10).

(02l 23 Jslone) (52 VY b 4yl (ag) 0,
Initial growth up to 12 leaves (Initial nutrient solution)

N (%) P (%) K (%) Ca (%) Mg (%) S (%)
4.50-6.00 0.34-0.75 3.90-5.00 1.40-3.50 0.30-1.00 0.40-0.70
Fe (mg L) Mn (mg L) Zn (mg L) Cu(mg L") B (mg L") Mo (mg L)
50-100 50-100 20-60 5-25 25-65 0.2-0.8

(205 51 8 (piag) aloyo 5o a3l 2l Jolowe) (odag); 03,
Vegetative growth (substitutional nutrient solution at vegetative stage before blooming)

N (%) P (%) K (%) Ca (%) Mg (%) S (%)
4.50-6.00 0.30-0.70 1.50-2.50 2.20-4.50 0.45-0.75 0.30-0.80
Fe (mg L) Mn (mg L) Zn (mg L) Cu (mg L)) B (mg L) Mo (mg L)
50-100 30-100 20-60 5-25 25-65 0.3-1.0

(5 9,5 )0 sl alye ,o 0l (238 Joloee) (s2al; 05,
Reproductive growth (substitutional nutrient solution at reproductive stage in early blooming stage)

N (%) P (%) K (%) Ca (%) Mg (%) S (%)
2.50-5.00 0.30-0.70 2.50-3.50 1.50-3.50 0.35-0.65 0.30-0.80
Fe (mg L) Mn (mg L) Zn (mg L) Cu (mg L) B (mg L") Mo (mg L)
50-100 30-100 20-60 5-25 25-65 0.3-1.0

510 Gl g el 5 pominel id 5o Jgaidee Ko /D GralS) gl pdosy Al ye Sl 4l 132 Jslome oilats

23 Joaishee o 2l (saiogee Al e (2 g 81 S 53 Jgag,San V Al3l 5 saie 5 el i 5o Jso s +IVO
(oendS 7d )3 Jsoislen + 10 al38l 5 meliy yiud 5o Jgedin o 20l (o2l @y 0 ) Al o (O 5 aliy 2
Sl yaie dingy 0> @ azgi bl aloge ja 50 0 Ghed g padisel 1) 50 Jsedie S 205 Jad (Ll als e
JobS psboas b s jgoas Galesl oS Jlesl (b)) Caz g et ) Dysons (28 Jslone Clle 5 S 5 oS e
2 B sbar (3Rl Jslxe 5 <ol Ojgoa (V Jsoz) aly Joloe 05 S sl Jlos Joz 5 )5 4w b (Sols
o eolS 0l alo e a2 19 i(S2) pgo lars 0,5 Jlesl (aali) wl) al>se jo )0 aly Jelme Cald 5 oS 5 el
@l pare Jlade ) Jga2) (5 p slapaie ogllas clale 5 VY- 505 4 S (g S (28 Ll Jolowe 08
e Gl (nlple S oo joue okS 5l Joloee 2 Voo ol 0l 0,5 6LS 50 (6l D e Sy SS9
yare &4 V00 p 5l 300 S yaie jMie e b (0) WSk LS S92y (3l Joke S Vee s Slie jare
alyo s j2 )3 (83) poms o 00,5 juS aly Jolmo 514 5 o093l arly Jslome @y g aslone 01 1y Jgo e olie

54


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.4.11.4
http://journal-irshs.ir/article-1-379-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-20 ]

[ DOR: 20.1001.1.16807154.1398.20.4.11.4 ]

v

Jslome a9 angd Vb (oo @ (n3Sele Jslome AT (5505 a0 SaS ()35 Comnd (2,8 ey Jolos 0 )8 51 g oS 03
ly Jolowo 355 51 G oS 0y al> 5o a2 50 (ol Sush) (S4) plez ek puS by Jolowe 5L g 02938 4Ly
7S al oo 5L 5 00938l 4l Jolowe ar 5 agd Y by, 4 0 3Rle Jolone VT e e 50 4 Sl (355 Cad (25 L
S (y9) My Ay Gy Camd e canslio 3550 (bl Lol s 50 Gy A iS5 Comd (258 0,8
L5 sl olS i oole pSolS 4y 5,5 e Ve BNV o ciSOT s Gilites by Jgame (sl (03850

(A D) 0 el g g lasgie Vb 0T G5

SS L gl eolatul 550 4l Sldé Jolowe — ¥ Jgax
Table 2. The basic Stock nutritional solution used for greenhouse cucumber.

A U slie Jolore B Sib olae Jolxa
Tank A nutrient solution Tank B nutrient solution
Calcium nitrate solid 8 ke Potassium nitrate 55 kg
Potassium nitrate 18 kg Monopotassium phosphate 11 ke
Iron EDDHA 6% 1396 g Magnesium sulphate 16% MgO 34 kg
Manganese EDTA 12.8% 429 o Monoammonium phosphate 5 ke
Copper EDTA 14.8% 32 g Sodium molybdate 39.6% 12 g

The amount of fertilizers is calculated for a volume of 1000 liters and a 100-fold concentrated nutrient solution.
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Table 3. Average concentration of leaf macronutrients in different growth stages of greenhouse cucumber cultivar
Socrates (Negin).

o los 3, Jolye N P K Ca Mg S
Treatments Growth stages (%) (%) (%) (%) (%) (%)

[ Downloaded from journal-irshs.ir on 2025-07-20 ]

S b olae Jolxe adgl 0y
Basic nutrient solution (S1) Initial growth
adsgl o)

3.46 0.31 2.53 0.64 0.25 0.32

. 6.14 1.35 5.18 0.54 0.26 0.41
Initial growth

TS
V Rl el Vegetative 5.94 1.24 3.23 1.04 0.31 0.34
Substitutional solution (S1) growth
el oo,
Reproductive 5.63 1.22 3.34 0.79 0.32 0.40
growth
adsl o,
. 5.98 1.53 5.78 2.74 0.89 0.64
Initial growth
gy )
Y Rl Jole Vegetative 5.54 1.32 2.37 3.87 0.74 0.76
Substitutional solution (S2) growth
el o,
Reproductive 4.92 0.75 3.17 3.18 0.71 0.72
growth
adsl o,
. 5.02 0.94 4.25 1.97 0.63 0.57
Initial growth
TS
Y Sl Jsle Vegetative 4.62 0.81 1.59 2.67 0.52 0.48
Substitutional solution (S3) growth
el o,
Reproductive 3.52 0.62 2.84 2.49 0.54 0.52
growth
adsl o)
. 4.56 0.98 3.97 2.61 0.66 0.59
Initial growth
gy M,
¥ oSl Jele Vegetative 4.86 0.83 2.42 2.84 0.68 0.52
Substitutional solution (S4) growth
el 2o,
Reproductive 3.76 0.52 2.83 2.67 0.73 0.69
growth
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Table 4. Average concentration of leaf micronutrients in different growth stages of greenhouse cucumber cultivar

Socrates (Negin).
Jow; Ay Jolye Fe Mn Zn Cu B Mo
Treatments Growth stages (Mg LY (mg L) (mgLhh (mgL!) (mgL') (mgL")

S aly olie Jobrs adsl 0,
Basic nutrient solution (S1)  Initial growth
adgl o
Initial growth
gy &b,
S sSele Jsbe Vegetative 65.24 88.21 2451 5.47 20.45 0.32
Substitutional Solution (S1) growth
U]
Reproductive 72.15 94.61 25.74 4.98 23.08 0.33

growth
adgl 03,

73.45 62.7 27.65 7.84 16.47 0.34

79.14 95.46 214 6.57 19.12 0.37

. 95.41 120.43 54.87 15.41 57.56 0.76
Initial growth

gy 3,
(82) (5l Jole Vegetative 89.47 114.25 66.41 2341 64.23 0.74
Substitutional Solution (S2) growth
il )
Reproductive 94.25 103.42 58.49 21.44 67.12 0.67
growth
adsl o,
Initial growth

gy 3,
(S3) sSole Jslxe Vegetative 68.54 83.56 43.16 17.76 48.72 0.54
Substitutional Solution (S3) growth

78.34 90.35 44.23 13.47 45.63 0.58

sialy o,

Reproductive 69.05 88.12 42.08 16.33 46.92 0.47
growth
adgl o

-, 76.07 81.60 33.85 9.41 35.36 0.45

Initial growth
gy &5
S4) ol Jolo Vegetative 65.07 72.17 39.84 10.76 44.06 0.41
Substitutional Solution (S4) growth
YRS
Reproductive 66.07 79.82 41.12 13.93 43.75 0.44
growth

Sl B TAVA Cmge g (V ISS) 0ls olais] 0g5 4 1) digy axly jo 0,Slae Jlade (o yiias S350l Joloxe jlas
R salejl 09,5 o )0 S84 13S0l Jsle 982 (030l Jolore (b jlen 0l ST aalds jled 4y S aig 0,Shos o
Al wald 4 Cowd wgr o, Slee o ol BLYYY/E g VYA g ol i 4y g aiils
Jsloee Jles @ 3latte allS iiwgnd e o i a5 ol (LA (itwgid o asls (ole anslie laames
Gt e it (B Jgaz) el 51384 503Kl Jalome ()1 5l ey 5 092 () 5 (Sgy 9y Al 5083 (3Kl
Jolo Jlass 4 bgiye (s55mwsid Ol Bpae QL5 ke (i iz 05 $4 51350l Jsloro Jlas 4 bgiye (S
3Rl ks s & Bl (557 ol a5 e 0 2aS 523 L3Sl pbne 1 ot 5 52 0550l
Sy 5o slil S olS WVAR Jlade 0 O Brae L 55 5 (2188 Glayaie Bras ol Jlade (p iy 05 S4
o35l Jslowe 15 i bous TAD il ialS b s SIS L sy ST 5 i 2l oo 585 L

vy


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.4.11.4
http://journal-irshs.ir/article-1-379-fa.html

L5_;/‘.\9 slojaic CLl i 0 shoogr Jolo by, o_géjJ/

O Jg92) 092 (sialy by 5 oy, S,

(oe50) 1) g 03, MRS )L ad) alides Jolye )0 S s3mgid loadls (5 S0lhe aslio -0 Joor
Table 5. Mean comparison of leaf photosynthetic indices in different growth stages of greenhouse cucumber
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cultivar Socrates (Negin).

Tl gt Jaks G Jade Gigid ol Bpae LIS o
Net Transpiration s slabd ol LS
L ) ol photosynthetic rate ¢ Instantaneous water
e )T rate (E Instantaneous water requirement
(Pnimax, pumolH20 m2.s° use efficiency (umolH20)/molCO2)
umolCO>'m 2's™!) N (umolCO2)/(umolH20)
adsl o,
", 8.2h 2.57e 3.15¢ 321.8c
Initial growth
iRl Jsl=e gy N,
Sh Vegetative 6.23i 2.26e 2.84d 358.5b
Substitutional growth
Solution (S1) ly 0,
Reproductive 10.46¢g 3.92d 2.62d 389.2a
growth
adsl o,
. 11.84fg 2.42¢ 4.94ab 209.7d
Initial growth
iRl Jsl=e gy S,
(S2) Vegetative 13.42¢ 2.63¢ 5.05a 199.8d
Substitutional growth
Solution (S2) ey o,
Reproductive 14.35de 2.95¢ 4.87b 202.1d
growth
adgl o,
. 16.36¢ 4.84d 3.34¢c 291.5¢
Initial growth
Rl Jolowe gy b,
(S3) Vegetative 19.48a 5.96bc 3.25¢ 311.4¢
Substitutional growth
Solution (S3) sdaly
Reproductive 18.75ab 5.74¢c 3.17cd 317.9¢
growth
adsl o,
", 17.45b 6.53b 2.71d 369.7b
Initial growth
iRl Jsl=e gy N,
(S4) Vegetative 16.62¢c 6.89ab 2.45¢ 405.6a
Substitutional growth
Solution (S4) aly 0,
Reproductive 17.31bc 7.47a 3.31e 425.9a
growth

*The average values with the same letters in each column do not have statistically significant difference (P< 0.05).

(P<0.05) w5l Jlo sime (5,lel S g 2 30 aline slacs > gl gloSile
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Fig. 1. Effect of experimental treatments on average yield of greenhouse cucumber cultivar Socrates (Negin)
columns with different letters have significant difference at 5% statistical level.

NS glls calises gy (h)lo (sl ygin ((55) $1S g 08, SIS Ls a5gs 0 Sl (1 Slo o (iolojl sla o 1=V S
Al oo (5ybl B yd O aw 43 s Sxe

500
y=0.9827x + 21.682

450 R2=0.8452

400
sy
300 teg et

o

200

150

S oolo 4y (5,25 S

100

Transpiration to dry weight ratio

50

IG VG RG IG VG RG IG VG RG IG VG RG
S1 S2 S3 S4

""""" Linear ( sl ak= 1 ;LiInstantaneous WR)

Poly. ( Ses solo 44 5,55 o o ,2Assumed transpiration to dry weight ratio)

Fig. 2. Regression relationship between instantaneous water requirement and experimental assumption of
transpiration ratio to dry weight (S1, S2, S3 and S4) at different stages of initial growth (IG), vegetative
growth (VG) and reproductive growth (RG) of greenhouse cucumber in Socrates cultivar (Negin).
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Fig. 3. Frequency and distribution of means of instantaneous water requirement in the range of transpiration ratio
to dry weight of greenhouse cucumber in Socrates cultivar (Negin).
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Table 6. Correlation coefficients of photosynthetic characteristics of greenhouse cucumber in Socrates cultivar
(Negin).
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1% Significant at a statistical level of 1% * Significant at a statistical level of 5%.
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Evaluation of Mass Balance Method to Determine Nutrients
Concentration of Substitutional Solution in Soilless Closed
Hydroponic System of Greenhouse Cucumber

M.S. Tadayon*!

In Iran, due to shortage of water resources, the application of closed hydroponic systems is
one of the priorities of research on the development of greenhouse cultivation. In these
conditions, there is a strong need for reuse of nutritional solutions due to the high economic
costs and environmental problems. Replacing the base nutrient solution in a constant manner at
each growth stage causes a nutritional imbalance in closed hydroponic system. In this
experiment, this technique was evaluated to determine the most suitable concentration of
substitutional solutions in a closed hydroponic system for greenhouse cucumber. The
experiment was conducted in a completely randomized design with three replications and four
treatments. The experimental treatments contained fixed solution (control) and application of
the base solution and replacement of the nutrient solution adjusted in different stages of growth
by assuming dry weight ratio (kg) to transpiration (liters) in three levels (1/200, 1/300 and
1/400). Substitutional solution of dry weight to transpiration ratio of 1/300 improved the leaf
nutrient concentration of cucumber and had the maximum yield per plant and net
photosynthesis rate. The highest efficiency of photosynthetic water use was related to the
solution of dry weight to transpiration ratio of 1/200.

Keywords: Hydroponic culture, Nutrition, Nutrient solution formula, Greenhouse.
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