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ABSTRACT

In order to study the effect of irrigation regimes and zinc (Zn) foliar application on some physiological traits and
yield of soybean, an experiment conducted in 2009 at Faculty of Agriculture of Tarbiat Modares University as
randomized complete block design arrangement in split factorial with three replications. Main factor was irrigation
regimes containing three levels (non stress, water deficit stress in vegetative growth stage and water deficit stress
from flowering stage to 10 percent pod set) and subordinate factor was a factorial combination of foliar zinc
application containing three levels (non foliar application, water foliar application and zinc sulfate (5000 ppm)
foliar application and cultivars containing two levels (L17 and Clarck 63). Water deficit stress significantly
decreased the grain yield. Water deficit stress decreased further Fv/Fm, chlorophyll and soluble protein content in
leaves of cultivars, but increased soluble carbohydrates, proline content and antioxidant enzymes activity. Zinc
sulfate foliar application increased Fv/Fm, chlorophyll content, soluble protein content in leaves and superoxide
dismutase activity in both cultivars, but decreased soluble carbohydrates, proline content, catalase and peroxidase
activities. In general, foliar application of zinc decreased harmful effects of oxidative stress due to water deficit
stress and improved growth conditions for soybean plants.
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Table 1. Physical and chemical properties of soil garden used in 0-60 Cm soil depth.
Total N Ava P Ava K ocC Zn EC

Characteristics % mg.kg™ mg.kg™ % mg.kg™ dS/m pH
Soil sample 0.1 80 848 1.03 0.45 1.12 7.73
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Table 2. Monthly precipitation and air temperature during the period January—December for 2010

Month March April May June July Agust September
Mean Min Tep(C) 10.55 15.35 23.16 25.58 238 20.52 18.93
Mean Max Tep (C) 19.68 25.26 23.58 38 34.39 31.48 28.77

Precipitation (mm) 1.74 1.02 0 0.05 0 0 0.03
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Table 3. Profile cultivars used in test

. Growing Seed Yield 100 Seed Sensitivity to
Variety Duration (Day) (kg/ha) Growth type (gr) weight drought stress
Clark 63 130 35 Unlimited 13 Sensitive

L17 120 3 Unlimited 15 Sensitive
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Table 4. Analysis of variance of yield and physiological traits of soybean in different irrigation regimes, Zinc
concentrations and soybean varieties

S.0.V. df Seed Yeild Chllorophyll a Chllorophyll b Chllorophyll a+b Fv/Fm Proline
Replication (R) 2 882 0.0007 0.0007 0.00229 0.00007 0.35
Irrigation(IR) 3658406** 1.9956%* 0.8132** 5.3503** 0.0778**  10530.75**
Erorr 4 4059 0.0013 0.0003 0.00118 0.00013 0.19
Variety (V) 1 3666537** 0.2893** 0.1738** 0.9115%* 0.0065** 1.48
Foliar treatment 5 4385612** 0.1904** 0.0334** 0.3825%* 0.0123**  9029.48**
V*IR 2 57885%* 0.0169** 0.0028* 0.0143** 0.00029 111
F*IR 2 121523** 0.0253** 0.0046%* 0.0473%* 0.0009** 2175.33%*
V*F 4 45562% 0.0027* 0.0008 0.0062* 0.00012 10.05*
V*IR*F 4 12497 0.0016 0.00004 0.0016 0.00018 2.99
Error 30 9922 0.0008 0.00054 0.0017 0.00014 2.04
CV (%) 3.63 5.66 471 462 2.49 458
S.0.V. df Totaéjg;lrjtion Protein Catalase Peroxidase 3?5?;13;?;(;2
Rep(R) 2 1895 0.00967 109 0.004 0.0187
Irrigation(IR) 2 161401616** 3.5609%* 13345** 51.211** 37.674**
R*IR 4 8388 0.003793 29 0.0021 0.0337
Variety (V) 1 1065831** 0.4910%* 5126%* 27.456%* 23.2851**
Foliar treatment
® 2 5334236%* 0.2380%* 504* 5.482%* 3.8112**
V*IR 2 612343** 0.1763** 245% 0.729%* 0.0246
F*IR 4 10827112** 0.00624 419%* 4.668%* 0.7716**
V*F 2 203528* 0.00023 1 0.0049 0.8780%*
V*IR*F 4 72772 0.00312 7 0.0022 0.01286
Error 30 38438 0.00382 68 0.0054 0.0899
CV (%) 5.01 2.85 5.09 6.46 4.85

o0 ) Jleisl mha 50 (6510 g g o g ST ey oo Sy s g NS
No Singh, * and ** at 0.05, 0.001 probability level and no significant, respectively. CAT-Catalase; Chl-Chlorophyll; TSS: Total Sugar
Solution; SOD-Superoxide dismutase; POX-Peroxidase
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Table 5. Mean comparison of interaction between irrigation and Variety on grain yield and some
physiological characteristics of soybean

. Seed Yield Chlorophyll a Chlorophyll b Chlorophyll a+b
Stress Level Variet
y (kg/ha) (mg/g FW) (mg/g FW) (mg/g FW)
No Stress L17 30182 1.38a 0.70a 2'08a
Clark 63 3474 . 1.43D O.7SD 2.19D
L17 2285 0.66 0.30 0.96
Vegetable Stress Clark 63 2037 ¢ 083" 032° 116"
. L17 2146 0.94 0.40 1.35
Productive stress Clark 63 2602 ° 1.07° 0.48 1.55°
Total Solution - - Catalase Proxidase
Stress Level Variety Suger So'&g"}” I;(lc\)/t)em AADs 240/mg AADs 470/mg
(mg/g FW) 99 Protein Protein
L17 15862 270° 130.78 ° 3.23°
No Stress Clark 63 16065 * 281° 133.20° 3.06°
L17 20868 1.64 190.20 ® 4.63?
Vegetable Stress Clark 63 21692 219° 179.63° 429"
. L17 20580 171 175.2¢ 4592
Productive stress Clark 63 21439° 2.23° 164.64° 4.25°
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Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability
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Table 6. Mean comparison of interaction between irrigation and Variety on grain yield and some physiological
characteristics of soybean

Seed Yield

Chlorophyll a

Chlorophyll b Chlorophyll a+b

Stress Level Foliar Application (ka/ha) (mglg FW) (mglg FW) (mglg FW) Fv/Fm
No Spraying 3106 ° 1.37° 0.68° 2.05° 052°
No Stress -
Tab Water Sprying 2989 ° 1.35° 0.69° 2.04° 0.53°
Zinc Sprying 36442 150° 0.80° 2.31° 0.54°¢
Vegetable No Spraying 2295° 0.70° 0.25° 0.96° 0.38°
Stress Tab Water Sprying 2325° 0.68° 0.24° 0.93° 0.38°
Zinc Sprying 3215° 0.86° 0.42° 1.29° 0.42°
Productive No Spraying 2011° 0.89° 0.37° 1.27° 0.45°
siress Tab Water Sprying 2030° 0.88° 0.37° 1.26° 0.45°
Zinc Sprying 3082° 1.23% 0.58° 1.82° 0.50°
Proline TSS CAT POX SOD
Stress Level Foliar Application ) AAbs 240/mg AAbs 470/mg AAbs 560/mg
(mol.g-1 FW) (mg/g FW) Protein Protein Protein
No Spraying 3.68° 16529 ° 136.26 * 3.32° 3.62°
No Stress
Tab Water Sprying 3.41° 16416 ° 163.15° 3.23° 3.63°
Zinc Sprying 277" 14945 ° 123.56° 2.90° 6.30°
Vegetable No Spraying 67.12% 23176° 185.03 7.34° 6.55°
Stress Tab Water Sprying 66.12% 23066 ° 182.37 2 7.34° 6.56°
Zinc Sprying 6.94° 17597° 150.00 ° 433" 8.05°
Productive No Spraying 62.31% 22922° 200.11% 6.71° 6.44°
siress Tab Water Sprying 61.85% 22824 ° 198.37 2 6.69° 6.37°
Zinc Sprying 6.17"° 17283° 170.00° 367" 8.14°

Al o e B (6118 duoj0 S mbans ;0 LSD (45051 b ciloas ssls jlis sy By b a8 solael (i3 gelaw ;0 50
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level
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Table 7. Mean comparison of interaction between irrigation and Variety on grain yield and some
physiological characteristics of soybean

Foliar application Variety Se(elz(dg/\gzsld C&c;r/(;p?\)/{\l/l)a Ch(lr?]rg %hl}:/{,l\g+b

) L17 2189° 0.94° 1.36°
No Spraying Clark 63 27437 1.04° 149°
. L17 2144 ° 0.92° 1.33°
Tab Water Sprying Clark 63 2751 1.03° 1.49°
. . L17 3108° 1.13° 1.70°
Zinc Sprying Clark 63 3519° 127° 191°
Foliar anplication Variet Proline Total solution SOD

PP Y (umol.g™* FW) Sugar (mg/g FW) AAbs 560/mg Protein
No Spravin L17 43.46° 20519 ° 5.95%
praying Clark 63 45.28° 21233° 513"
) L17 43,632 20376 ° 5.90%
Tab Water Sprying Clark 63 43.96° 21161 ° 514"
Zinc Sorvin L17 5.87° 16415° 751°
prying Clark 63 471° 16802 7.482

S IS ctme B l)ls do 0 S gl ;3 LSD 5031 L cailoas ools lid ()l By b a5 golael (il Jgloe o jo 40
Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level
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