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Table 1. Physical and chemical properties of the sandy bed used in the current study

EC pH P K Zn CaCOs oM Clay  Silt Sand
(ds m™) (mg kg*) (%)
1.19 7.8 2.4 9.4 0.15 9 0.69 3 1 96
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Table 2. Composition of the nutrient solution used in the experiment

Ingredients Concentration (gr I'%) Amount (ml kg1)
K2S04 / KH2PO4 (48.407) / (30.242) ?3)
NH4NOs / CaCl,.2H,0 (93) / (147.016) 1)
MgSQ4.7H20 (20.5) 1)
MnS0O4.H20 / NazM004.2H>0 /CuS0O4.5H,0 / H:BO3z  (7.5) / (0.083) / (1.05) / (0.333) 2)
ZnS04.7H,0 (13.14) (1.67)
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Table 3. Analysis of variance for the studied traits under Zinc deficiency stress in bread wheat cultivars

Mean square

SOV df RZC SzZC GzC RFW SFW RDW
Zn Level 1 129549.65™  24890.54™  7370.31™ 0.51™ 1.25™ 0.01™
Cultivar 3 3151.46™ 232.07" 39.31™ 24,57 4.88™ 0.62"
Zn x Cultivar 3 1332.94™ 249.95™ 85.72™ 0.06"™ 0.44" 0.0008"
Error 16 31.17 16.75 0.72 0.04 0.36 0.0006
CV (%) 4.75 6.75 2.04 4.5 9.6 4.3
Mean square
SOV df SDW NON FLA PH PL FLL
Zn Level 1 0.11™ 0.032™ 14.64" 63.26™ 4.93™ 6.79"
Cultivar 3 0.08™ 1.57” 18.64™ 605.54™ 122.65™ 10.15™
Zn x Cultivar 3 0.009™ 0.01" 0.60m™ 5.85™ 0.49" 0.62"
Error 16 0.003 0.05 3.17 3.64 0.16 1.41
CV (%) 5.6 8.28 8.12 2.86 1.4 5.4
Mean square

Sov af —5 AL ___TGW ___ CD NGS __ GM che
Zn Level 1 1.47" 1.42" 35.37™ 0.49™ 27.45" 10.67™ 0.16™
Cultivar 3 297" 19.15™ 23.47 0.31™ 47.55™ 61.67™ 0.08™
Zn x Cultivar 3 0.13 0.35"™ 1.39™ 0.003™ 6.77"™ 4.78™ 0.002"™
Error 16 0.21 0.37 1.32 0.009 14.81 10.87 0.006
CV (%) 6.16 10.04 3.7 4.76 12.73 3.3 5.24

wk % NS
‘

20,0 S g i Jlotol o )3 s gine 5 o e cei S 4
" *and ™ Not-significant and significant at 5% and 1% probability levels, respectively
RZC: Root Zn concentration, SZC: Shoot Zn concentration, GZC: Grain Zn concentration, RFW: Root fresh weight, SFW: Shoot
fresh weight, RDW: Root dry weight, SDW: Shoot dry weight, NON: Number of nodes, FLA: Flag leaf area, PH: Plant height, PL:
Peduncle length, FLL: Flag leaf length, SL: Spike length, AL: Awn length, TGW: 1000 grain weight, CD: Crown diameter, NGS:
Number of grains per spike, GM: Grain maturity, ChC: Chlorophyll content.
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Table 4. Mean comparison for interaction effect of Zn levels x cultivar for root, shoot and grain Zn

concentration

Zn Level

(mg kg) RZC (mg kg?) SZC (mg kg GZC (mg kgt)
Bayat 44.75¢ 31.34¢ 28.82¢
0 Nik-Nejhad 59.00¢ 25.64°¢ 23.96¢
Hirmand 30.58f 24.96° 20.70f
Karaj-1 42,05 32.99¢ 22.85°
Bayat 154.41° 98.942 53.16°
5 Nik-Nejhad 241.64° 80.01° 66.37°
Hirmand 177.90° 106.262 57.92°
Karaj-1 190.19° 86.23° 59.38°

W55 a0 SO Jless ! mdas 58 (g ls pme BB (Sl (slasals sz ygeil ulul 5 ol oo S e By > Gl gt o 0 a5 Sle Sl
Means with similar letter(s) in each column are not significantly different at 1% probability level, based on Duncan’s multiple range test.
RZC: Root Zn concentration, SZC: Shoot Zn concentration, GZC: Grain Zn concentration
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Table 5. Mean comparison of Zn levels for studied morphological and physiological traits

Znlevel RFW (@) RDW @) SDW @) PH@Cm) PL(Cm) TGW (gr) CD (cm) ChC (mggFw?)
0 (mg kg?) 4.33° 0.54b 0.97° 65.14° 27.29° 29.81° 1.88° 1.45°
5 (mg kg) 4.62° 0.58? 1.112 68.39% 28.20? 32.242 2.17° 1.528

5l ao 0 G Jleis o 55 (gl cire B (Sls (glasals aiz yge3] Lulal s aiil co Sglite (p3Y Bgy shls (gm0 40 a5 Sl Sl
Means with different letters in each column are significantly different at 1% probability level, based on Duncan’s multiple range test.
RFW: Root fresh weight, RDW: Root dry weight, SDW: Shoot dry weight, PH: Plant height, PL: Peduncle length, TGW: 1000 grain

weight, CD: Crown diameter, ChC: Chlorophyll content
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Table 6. Mean comparison of the cultivar effect for some studied traits

RFW (gr) SFW(r) RDW @) SDW (gr) NON FLAcm) PH (Cm) PL (Cm)
Bayat 7.27° 7.392 1.032 1.192 2.71°¢ 24,222 55.36¢ 22.07¢
Nik-Nejhad 3.85°¢ 6.17° 0.42¢ 1.04° 2.26¢ 20.51° 64.48° 33.09?
Hirmand 2.47¢ 5.18¢ 0.31¢ 0.91° 3.472 22.42® 67.52° 28.41°
Karaj-1 4.30P 6.21° 0.48b 1.03° 3.05° 20.58P 79.69? 27.43°

FLLcm) SLCm) ALCm) TGW(r) CD (Cm) NGS GM (pay) ChC (mg g Fw?)
Bayat 23.882 7.15° 6.35° 30.33%¢ 2.142 32.612 98.33%® 1.562
Nik-Nejhad 21.17° 6.53¢ 6.30° 28.74°¢ 1.69b 32.712 98.83? 1.602
Hirmand 21.65° 8.092 8.002 33.412 2.08? 27.95% 94.50° 1.38°
Karaj-1 21.15° 7.832 3.68° 31.61%® 2.192 27.63P 102.33? 1.39°

555 3 yd S Jleorl lans 0 (6l gime IS (Sl (glaials aiz yge3T bl aril oo S iie Y g sl gt o 0 a5 ole Sl

Means with similar letters in each column are not significantly different at 1% probability level, based on Duncan’s multiple range test.
RFW: Root fresh weight, SFW: Shoot fresh weight, RDW: Root dry weight, SDW: Shoot dry weight, NON: Number of nodes, FLA: Flag
leaf area, PH: Plant height, PL: Peduncle length, FLL: Flag leaf length, SL: Spike length, AL: Awn length, TGW: 1000 grain weight, CD:

Crown diameter, NGS: Number of grains per spike, GM: Grain maturity, ChC: Chlorophyll content

O pasS HU-(59, 9 L= 59y 1,1 53 axdllae 3590 Wlio (o (Siwnod =V Jgu

Table 7. Correlation between studied traits in zinc-efficient and -inefficient bread wheat cultivars

RZC SZC GzZzC  SDW PH SL FLL CD NGS TGW  FLA
SZC 0.85™
GzC  0.98™ 0.89™
SDW  0.55™ 0.54™ 0.56™
PH 0.19 0.17 0.17 0.23
SL 0.16 0.39 0.25 -0.16  0.44°
FLL 0.20 0.33 029 0.63" -046" -0.04
CD 0.34  0.65" 0.46" 0.28 028 0.64™ 0.38
NGS 0.31 0.22 0.29 047" -040 -0.26 0.21 -0.17
TGW 032 059 042" 0.007 037 085" 0.08 068" -0.15
FLA 0.23 0.40" 0.30 0.39 -0.36 011  0.62 046" 0.16 0.23
ChC 0.38" 0.18 032 051" -0.50" -0.59" 0.29 -0.23  0.50" 048" 018

*and **: significant at 5% and 1% probability levels, respectively
RZC: Root Zn concentration, SZC: Shoot Zn concentration, GZC: Grain Zn concentration, SDW: Shoot dry weight, PH: Plant height, SL:
Spike length, FLL: Flag leaf length, CD: Crown diameter, NGS: Number of grains per spike, TGW: 1000 grain weight, FLA: Flag leaf area

Aoy S g gy Jleiml a0 s cre cod i 4

ChC: Chlorophyll content.
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Table 8. Decline in studied traits in Zn-efficient and -inefficient wheat cultivars under Zn deficiency

conditions
Root dry weight (gr) Shoot dry weight (gr) Plant height (Cm)
0 (mgkg™") 5 (mgkg™") 0 (mgkg™") 5 (mgkg™) 0 (mgkg™") 5 (mg kg™
Bayat 1.02 (98.15%) 1.04 1.10 (88.99%) 1.24 54.37 (96.5%) 56.36
Nik-nejhad  0.41 (93.74%) 0.44 0.97 (84.37%) 1.15 63.4 (96.64%) 65.59
Mean 95.94% (100%) 86.68% (100%) 96.55% (100%)
Hirmand 0.27 (79.39%) 0.34 0.81 (80.22%) 1.01 66.2 (96.19%) 68.83
Karaj-1 0.47 (92.99%) 0.50 0.96 (88.07%) 1.09 76.6 (92.53%) 82.78
Mean 86.19% (100%) 84.14% (100%) 94.36% (100%)
Flag leaf length (Cm) Zn Root concentration (g kg?)  Zn Shoot concentration (g kg't)
0 (mgkg™) 5 (mgkg™) 0 (mg kg™ 5 (mg kg™ 0 (mg kg™ 5 (mg kg™
Bayat 23.4 (95.96%) 24.37 44.75 (28.98%) 154.41 31.34 (31.67%) 98.94
Nik-nejhad 20.93 (97.8%) 21.40 59.00 (24.41%) 241.64 25.64 (32.04%) 80.01
Mean 96.88% (100%) 26.69% (100%) 31.86% (100%)
Hirmand 21.24 (96.3%) 22.06 30.58 (17.19%) 177.91 24.95 (23.48%) 106.26
Karaj-1 20.2 (91.07) 22.14 42.05 (22.11%) 190.19 32.98 (38.24%) 86.24
Mean 93.68% (100%) 19.65% (100%) 30.86% (100%)
Grain Zn concentration (g kg*) Spike length (Cm) Awn length (Cm)
0 (mg kg*) 5 (mg kg™) 0 (mg kg) 5 (mg kg™) 0 (mg kg*) 5 (mg kg)
Bayat 28.82 (54.22%) 53.16 7.09 (98.13%) 7.22 6.20 (95.38%) 6.50
Nik-nejhad 24.27 (36.56%) 66.37 6.33 (94.16%) 6.73 6.23 (97.90%) 6.37
Mean 45.39%) (100%) 96.14% (100%) 96.64% (100%)
Hirmand 24.96 (43.09%) 57.92 7.70 (90.68%) 8.49 7.40 (86.04%) 8.60
Karaj-1 22.86 (38.49%) 59.39 7.50 (91.87%) 8.16 3.52 (91.91%) 3.83
Mean 40.79% (100%) 91.27% (100%) 88.97% (100%)
Peduncle length (Cm) Crown diameter (Cm) 1000 grain weight (gr)
0 (mg kg™ 5 (mg kg™) 0 (mg kg™ 5 (mg kg™) 0 (mg kg™ 5 (mg kg™
Bayat 21.82 (97.76%) 22.32 2.00 (88.16%) 2.27 29.59 (94%) 31.46
Nik-nejhad 32.79 (98.22%) 23.38 1.58 (87.46%) 1.81 27.4 (93.32%) 29.63
Mean 97.99% (100%) 87.81% (100%) 93.17% (100%)
Hirmand 27.54 (94.03%) 29.29 1.91 (85.08%) 2.25 31.6 (89.96%) 35.17
Karaj-1 27.04 (97.16%) 27.83 2.04 (86.68%) 2.35 30.96 (94.6%) 3271
Mean 95.59% (100%) 85.88% (100%) 92.29% (100%)
Flag leaf area (Cm?) Number of grains per spike Chlorophyll content (mg gFw)
0 (mg kg™ 5 (mg kg™) 0 (mg kg™ 5 (mg kg™) 0 (mg kg™ 5 (mg kg™
Bayat 23.7 (95.94%) 24.72 32.53 (99.48%) 32.70 1.55 (98.42%) 1.57
Nik-nejhad 20 (95.13%) 21.02 31.86 (94.93%) 33.56 1.58 (97.41%) 1.62
Mean 95.53% (100%) 97.20% (100%) 97.91% (100%)
Hirmand 21.4 (90.97%) 23.48 25.37 (83.10%) 30.53 1.33 (93.99%) 1.42
Karaj-1 19.5 (90.29%) 21.63 26.87 (94.64%) 28.39 1.34 (92.29%) 1.45
Mean 90.63% (100%) 88.79% (100%) 93.14% (100%)
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The Effect of Absorbable Zinc Deficiency on some Physiological and
Morphological Traits in Bread Wheat
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Abstract

Zinc is one of the most critical nutrient elements limiting the plant growth. To investigate the
effects of soil Zn deficiency on some physiological and morphological traits in bread wheat
(Triticum aestivum L.), a factorial experiment was conducted based on completely randomized
design (CRD) with three replications in greenhouse. Zn-efficient (Bayat and Nik-nejhad) and
inefficient (Hirmand and Karaj-1) cultivars were grown in Zn-deficit (0 mg kg™ soil) and -adequate
(5 mg kg? soil) soils. The studied traits were 1000 grain weight, number of grains per spike,
chlorophyll content, grain, root and leaf Zn concentrations and some morphological traits. The
results of variance analysis showed that all traits are significantly (P<0.01) affected by Zn levels
and cultivars, while the interaction effects of Zn level x cultivars were only significant (P<0.01) for
root, shoot and grain Zn concentrations. Mean comparisons of the interaction effects revealed that
under soil Zn deficiency, the concentration of root Zn in Zn-efficient cultivars (Nik-nejhad: 59 mg
kg?, Bayat: 44.75 mg kg?) is significantly (P<0.01) more than those of Zn-inefficient cultivars
(Hirmand: 30.58 mg kg*, Karaj-1: 32.98 mg kg?). The grain Zn concentration of Bayat (28.82 mg
kg™) cultivar was also significantly (P<0.01) more than those of Zn-inefficient cultivars (Hirmand:
24.95 mg kgt and karaj-1: 22.85 mg kg?). The estimation of trait decline percentage under soil Zn
deficiency revealed more decrease for shoot dry weight, root and grain Zn concentrations and
chlorophyll content in Zn-inefficient cultivars, compared to Zn-efficient ones. In conclusion, the
results of the current study demonstrated that Zn-efficient bread wheat cultivars are able to produce
more dry matter and accumulate more Zn in grains under soil Zn deficiency conditions.

Keywords: Bread Wheat, Number of grain/spike, 1000 grain weight, Grain Zn concentration, Zinc
uptake efficiency.

Niazkhani S.M., Abdollahi Mandoulkani B., Jafari M., and Rasouli-Sadaghiani M.H. 2019. The effect of
absorbable zinc deficiency on some physiological and morphological traits in Bread Wheat. Applied Soil
Research, 7(4):99-110.

1. PhD Student of Plant Breeding, Department of Plant Breeding and Biotechnology, Faculty of Agriculture, Urmia University
2. Associate Professor, Department of Plant Breeding and Biotechnology, Faculty of Agriculture, Urmia University

3. Associate Professor, Department of Plant Breeding and Biotechnology, Faculty of Agriculture, Urmia University

4. Professor, Department of Soil Science, Faculty of Agriculture, Urmia University

* Corresponding Author Email: b.abdollahi@urmia.ac.ir



mailto:b.abdollahi@urmia.ac.ir

