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Abstract

Little information is available concerning ionic composition of the suitable nutrient solution for fodder maize
production in soilless culture. Therefore, the aim of this study was to select a basic nutrient solution for
production of fodder maize in soilless culture. A pot experiment was carried out as a factorial in a
randomized complete block design with two factors of nutrient solutions and cultivar types and four
replications in the research greenhouse of Shahrekord University. The nutrient solutions were: 1) full-
strength Hoagland and Arnon, 2) half-strength Hoagland and Arnon, 3) Barry and Miller, 4) Alexander et al.,
and 5) Ruakura. Two maize cultivars of single cross hybrid 704 and single cross 410 were used. The results
indicated that in both maize cultivars, the highest concentrations of nitrogen and phosphorus in leaf, stem
and root were observed in the plants nourished with Ruakura nutrient solution. The application of Alexander
et al. nutrient solution led to significant increase in potassium concentrations in leaf, stem, and root
compared to other nutrient solutions. Optimum supply of nutrient requirements of maize with Ruakura
nutrient solution resulted in significant increase in plant height, stem diameter, leaf area and leaf greenness
index. In both maize cultivars, the highest shoot fresh and dry weights as well as water use efficiency were
obtained in the plants nourished with Ruakura nutrient solution. Based on the results, application of Ruakura
nutrient solution is suggested for the cultivation of both maize cultivars (i.e., single cross hybrid 704 and
single cross 410) in soilless culture in order to produce fodder under the conditions similar to this study.

Keywords: Hydroponic, Balanced nutrition, Vegetative growth indices, Water use efficiency.

Background and Objective: Sustainable fodder production for feeding livestock is regarded as one of the
challenges of agricultural sector in the recent years. One of the recently used methods for fodder production
is hydroponic system (i.e., soilless culture). In soilless culture, all essential nutrients are supplied to the
plant’s roots by nutrient solution. The factors such as plant species and cultivar type, the type of hydroponic
system (open and closed), plant growth stage, edible part of the plant, growing season and weather
conditions (temperature, light intensity and day length) are effective in choosing a suitable nutrient solution
(1). Therefore, choosing the optimum nutrient solution is the fundamental key to success in this cultivation
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method. Considering the lack of sufficient information about ionic composition of the nutrient solution for
production of fodder maize in soilless culture, the present study was carried out to select optimum nutrient
solution for its production at the greenhouse conditions of Shahrekord University.

Methods: A factorial experiment using randomized complete block design was conducted with the two
factors of nutrient solutions and maize cultivars (i.e., single cross hybrid 704 and single cross 410) and four
replications in hydroponic culture at the research greenhouse of Shahrekord University. The nutrient
solutions were: 1) full-strength Hoagland and Arnon, 2) half-strength Hoagland and Arnon, 3) Barry and
Miller, 4) Alexander et al., and 5) Ruakura. Maize seedlings were transferred to 10 liter plastic pots
containing perlite (with particle size of 0.5 to 5 mm) and were manually fertigated with nutrient solutions on
a daily basis. At the end of tasseling stage, plant height, stem diameter, leaf greenness index and leaf area
were measured. Then, plants were harvested and fresh weights of root, stem and leaf were determined. Plant
biomasses were dried and dry weights of root, stem and leaf were measured. Plant samples were ground and
the concentrations of N, P and K were measured in each part. In addition, water use efficiency was calculated
by dividing shoot dry weight to the volume of the applied nutrient solution. Analysis of variance was
performed using the SAS software. Means comparison was conducted using Duncan's multi-range test at p <
0.05.

Results: The results showed that the highest concentrations of nitrogen in leaf (31.5 g kg'!) and stem (21.7 g
kg!) were observed in the plants nourished with Ruakura nutrient solution in single cross hybrid 704. The
root nitrogen concentration had a trend similar to the values in leaf and stem, and reached the highest level in
the plants fed with Ruakura nutrient solution. In both maize cultivars, the highest concentration of
phosphorus in leaf was observed in the plants fertigated with Ruakura nutrient solution. However, the highest
concentrations of potassium in leaf, stem and root were recorded in the plants fed with Alexander et al.,
nutrient solution. Application of Ruakura nutrient solution led to an increase in the plant height, stem
diameter, leaf area and leaf greenness index in both maize cultivars. The results revealed that the highest
shoot fresh weights in single cross hybrid 704 (1102 g plant™) and single cross 410 (1076 g plant™) were
obtained in the plants nourished with Ruakura nutrient solution. This nutrient solution resulted in the highest
water use efficiency in both maize cultivars.

Conclusions: The results demonstrated that using Ruakura nutrient solution through optimal supply of the
nutrients required for maize production in soilless culture, increased the plant height, stem diameter, leaf area
and leaf greenness index in both maize cultivars. This increase led to the highest fresh and dry weights of
shoot and root as well as greatest water use efficiency in maize plants. Consequently, in both maize cultivars
(i.e., single cross hybrid 704 and single cross 410), application of Ruakura nutrient solution can be
recommended for fodder production in the soilless culture under the conditions of the present study.
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Table 1. The concentrations of macronutrients, pH and electrical conductivity (EC) in nutrient solutions used for maize.

O35 50

EC g S e S el A R UL d"f‘

S Mg Ca K P o N-NOy" N-total e

N-NH.4" Nutrient

(dS m™) (mmol L) solution
1.75 6 2 2 5 6 1 0 15 15 Si
0.92 6 1 1 25 3 0.5 0 7.5 7.5 S
1.39 7.3 17 25 17 5 1 2.74 6.25 8.99 S
1.32 7 16 16 25 66 1 04 8.6 9 S4
1.67 6 187 086 3.7 609 129 471 14.14 18.85 Ss
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Si: Full strength Hoagland's and Arnon, S,: Half strength Hoagland's and Arnon, S;: Barry and Miller, S4: Alexander et al., Ss: Ruakura.
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Table 2. The concentrations of micronutrients in nutrient solutions used for maize.

A ot ~ Ol 5o o S e ol iy
cl Na B Mo Cu Zn  Mn Fe D
Nutrient solution
(umol L)
20 0.22 46.3 0.11 0.32 0.77 9.15 40 Sy
10 0.11 23.15 0.05 0.16 0.38 4.57 20 S
500 - 26 0.08 10 25 31 17 S3
510 - 13.7 0.07 9 229 292 14.3 S4
250 650 46.3 0.1 0.6 3.8 9.1 53.7 Ss
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Si: Full strength Hoagland's and Arnon, S,: Half strength Hoagland's and Arnon, S;: Barry and Miller, S,: Alexander et al., Ss: Ruakura.
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Table 5. Mean comparisons of the effect of nutrient solution on root nitrogen concentration, and potassium concentrations in leaf,
stem and root of maize.

(¢SS 265 (cSAS 265 (¢SS 205 (¢SS 265 e o
Root potassium Stem potassium Leaf potassium Root nitrogen Nutrient solution
concentration concentration concentration concentration

(gkg" (gkg" (gkg" (gkg"

28.252 19.32¢ 30.34¢ 13.58° Si

20.05¢ 11.534 24.574 6.81¢ Sz

23.93b 18.16° 29.62¢ 11.20¢ S3

28.162 25.502 41.69* 10.194 Sa

27.612 23.920 37.820 14.532 Ss

e S5l 03T el des s gl a3 ls ime M pe Sbles alie Gy Dt o )
Means followed by the same letters in each column are not significantly different at 5% probability level based on Duncan test.
St 0,1 5 S a3 plas < Sa: Ol 5 IS pa e Sa ke 5 65k ¢ Su O 5 LSl S5t 151,
S: Full strength Hoagland's and Arnon, S,: Half strength Hoagland's and Arnon, S;: Barry and Miller, S4: Alexander et al., Ss: Ruakura.
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Table 6. Mean comparisons of the effect of maize cultivar on the root and leaf potassium concentrations.

(¢SS 2 e (¢SS 2 e =7 e
Root potassium concentration Leaf potassium concentration Maize cultivar
(gkg" (gkg"
Ve¥ il S K
18.65 30.60° oS
Single cross 704
e ol S K
20.72¢ 35.01° A

Single cross 410

o (STl g1 sl L3 gy ezt a3l gme Ml SOLlas slite By (Dt a3

Means followed by different letters in each column are significantly different at 5% probability level based on Duncan test
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Table 8. Mean comparisons of the effect of nutrient solution on plant height, stem diameter, leaf area and leaf greenness index in

maize.
e Bl s oS plis |
S S patls (S5 2 0 59) (o) N e
Leaf greenness index Leaf area Stem diameter Plant height Nutrient solution
(m? plant!) (mm) (cm)

26.37° 0.63¢ 27.71% 245.502 Si

19.38¢ 0.57¢ 25.19¢ 219.50° S2

29.72° 0.73% 28.65° 256.312 S3

22.33¢ 0.70° 27.63% 245752 S4

39.67* 0.842 30.902 259.25° Ss

e S5l 03T el des s g dlaam a3 ls ime M pe Sbles alie Gy Dt a3
Means followed by the same letters in each column are not significantly different at 5% probability level based on Duncan test.
St 0,0 5 S a5 plas < Sa: Ol 5 S pa Sp8es ¢ Sa ke 5 65k ¢ Sar O 5 LSl (S5t 151,
Si: Full strength Hoagland's and Arnon, S,: Half strength Hoagland's and Arnon, S;: Barry and Miller, S,: Alexander et al., Ss: Ruakura.

N, Sen Qo 5 sl V50 oo P (5l o108 sl
slacble gl olie lad shos G e 5 L odod ool
S 2 Olgn 288 4 s o8l s ely 50
V¥ el S K 035 53 o 5ls OLS mE s o S,
5 LS gLl S 1 (sl e M FY el S K
r_s,ﬁ)js;\_aou_.p)g;_;lnﬁ,gfﬂda_”au
YV S IS 35 o0 3l S Vo ol S K
=l S5 sl s 4 ouls pl &S (Ve ) s

.L.::L Ju‘j:@ VJ) 93

St 5 03l D3 b 0By 5 e slad sl 5T

ol aly; 5 ol ls
L ple Jshoee (iSomy Jlsls LI (bl 4 s
S O35 5 ks 5 (S L) oslastla 036 855 2 o35
oslntls SLE 035 5 deops S Jlanm a4l
S e Y Jsd) 350l e o3 O Sz a3
L oddanis OllS [ adas 5 oplesls S 5036 035

(\\ JJJ_Q-)MGMLJJFEJJJJAJJ‘)}SUJ &‘J& d}.lm

Sl sladsle o3 o) Lo, sl jasll  ols
cble ol (S S S 2l (8 i)
e 2 lad slws 3 058 35S 3515 6lS 05 A
S s EalS O Jlisa 5 Sy ey355 6
3 YL e SR ol s b Salen (A) 05500 S
5 G an ) ole Chle (G581 s S Olge (F0) O, ka
SHAB Mix) 65l ¢ b ol J s s 5 (G e
oS o gLl S e S e Vsa e O 4 ko
O 5 SIS pman Al S Ol CiS 55 ladsle
D3 0y 53 Ly gl Jsle B A S ey LOVY)
2 S gl S B3 S PO S Osk Ll s
SNPK (55l it s L s 1is KWS2360 5,
L edias 055 Ressuda Pionee o3, 53 S - chw RAS
e Al ol el 5 03550 Ok oME gl
D3 S S el sl 0S5 e
O3 2Me Jglee s NPK (g5l> ol J g 5o i S
s S 58 (4) OLSes 5 SIS ey S 4 05 4

LQJ\_\:AA_’[J\:J Q[_ﬁl.:f)b t_fj_r L;"'.’.f_"" ,..a;-l_& U'»"JSU:":J

¥



%

&

(J‘_,K.Q.Aj

5

Le chals ‘Jﬂ J-L'F‘sudjlmbéﬁ;'qu);\}

. &l.'\.'o o

'04S JO 19A9] Apiqeqod o) Je JUBOIIUSIS &y, 04T JO [OAS] AN[Iqeqoid o) 18 JUBOTTUSIS &, ‘JUROIUSIS-UOU iy,

- ‘«cﬂv.(..hJﬂ? L RK..MJA_W ¢ ?AU <P MV\J cCoy € g .)AMJAW o QJU =P TU Comye

I 1001
=590 I V1
=370 #9570 I Hd
«I€0 w70 w8170 I as
3L°0 L0 S50 €0 I OHdY
€0 =370 ,8€°0 su81°0 =850 I odd
wll0 »090 090 L1€0 350 950 I ONY
su91°0 wuSCT0  s0E0 suS€0 su0€°0 L0 L5€0 I J0dS
«+180 L0 950 sul €0 =960 190 «£9°0 su6C0 I OHdS
«0L°0 »990  LLEO €0 =150 €0 «SL0 L0€°0 150 I ONS
0L0 +£80 950 570 €90 970 SL0 L0 790 =980 I MAd
=980 +5$80 790 «SP0 980 190 «3L°0 +£6°0 080 »99°0 +£870 I Mdas

(ONS) mas)
vogenuaouod  (MAY) ySom
((580) (OHJY) Q04w OND (00ds) (OHJS) wosonmu qSoM A1p
Xopur vD) @HdD UOILNUOOUOD  UONBNUIOUOD  UONRHUUCO  UOHRHUUOD  UOHRNUIUOD 1008 £1pjooy  100ys
SSOUUQIT BIR U3y snaoydsoyd wnissejod udonmu wnissejod snioydsoyd .
JR Jea]  Jueld @as 100y 100y 100y 1004S 1004S it gy FrEfe
o . . I3)PuWerp X X i i X
g R Xg 5 wayg P Fp b id sl it S S gmyg
n==" R e e e b e e ey e £é) €0 enm

“J001 pue jooys Jy} ur wnissejod pue snioydsoyd ‘UaSonTu JO SUONENUIOUOD ) pue ‘SIYIrom AIp 1001 PUB J0OYS UIIMID] SJUIIIIJFI0D UOTJB[ILI0D S,U0SIEd [T d[qeL

2rfp D g B0 B0 600mS) e ;= 6 Ty A gm0 e’ € e of e o € Creye

Yo



d')ls-ﬁ-ﬂ}‘;;bf; \f°\'_)l-@-3/d}|a)w/rh))%db/b\.:f}\f\"h.:b)

ij.ydﬂ.&jdbjbccgfﬁw‘)lfQ‘)Jv.;)}:‘wi.;uwuﬁ.\° J"u\?

Table 9. Mean comparisons of the effect of maize cultivar on plant height, stem diameter and leaf area.

S5 b Bl oS ¢l
(65 2 o) (GENPIN) (e s5l) r—*’g
Leaf area Stem diameter Plant height Cultivar
(m2 plant_l) (mm) (cm)
Vot S K
0.744 29.572 252,03 oS R
Single cross 704
o Ll <
0.65 26.46° 238300 S IR

Single cross 410

eSSl a3l all Ao s e dlen) a3 ls e SNt SShled ogline g D a3
Means followed by different letters in each column are significantly different at 5% probability level based on Duncan test.
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Table 10. Mean comparisons of the interaction effect of nutrient solution and maize cultivar on shoot and root fresh and dry weights
and water use efficiency.

ol G e LS i O3 aiiy o036 O3 i O3 oltla 03U 035 Jsloee o5
o eSS aty (LS 2 05 SRS Bl gl Cultivar
(@R (LS j. fJf) Root.fresh (4_;\'*&5}!) (LS ;.' pg) Nutri.ent
weight solution
Watgr use Roo't dry (g plant™) (LS . 5) Shoo? fresh
efficiency weight ) weight
(kg m?) (g plant™) Shoot dry weight (leaf+stem)
(leaf+stem) (g plant™)
(g plant™)
5.29¢ 39.30° 397.50° 132.29¢ 854.25¢ Si
4.20¢ 25.474 251.25F 105.08¢ 661.50°¢ Sz =
b b b Vet U""Js }5:*‘*‘"_
5.87 37.05 378.00 146.73 913.25 S3 Single
5,565 38.78¢ 387.50° 139.17% 908.25b S cross 704
6.322 73.982 689.00* 175.742 1102.00* Ss
4.894 30.334d 322.254 122.514 684.509° Si
3.71f 20.37¢ 229.00f 92.67f 538.75f Sz <
b d d b b e
5.60 27.23 338.00 139.93 879.75 S3 Single
4.844 25.83¢ 284.50¢ 121.04¢ 736.00¢ S4 cross 410
6.40° 49.21° 528.25b 177.882 1076.25% Ss

e S5l 03T alal  des s gl a3 ls me M pe Sbles alie Gy Dt a3
Means followed by the same letters in each column are not significantly different at 5% probability level based on Duncan test.
St Ol 5 1S s s ples Sa: RES{IEIEUCEN e ¢ Sat ke 5 (65b ¢Sa O 5 LSl Sst 181,
S: Full strength Hoagland's and Arnon, S,: Half strength Hoagland's and Arnon, S;: Barry and Miller, S4: Alexander et al., Ss: Ruakura.
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