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Table 3. Analysis of variance (mean squares) for yield and yield components under water deficit stress and spraying of nano iron and manganese chelates
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Table 4. Mean comparison for the interaction effects of the measured traits at the experiment

S
(S sk . Slsles Ol S, b ol 5 Slas oels [V R SO Wi ol sl Floe
- i 65 b ) > als s Shas ) ) . S
! s G003 Fp Gy 03 PGS &y o 58 5 il S sl e .
i (e 52
Number Number
c,\mﬁo.n mo:.ua E.ma of of pod Leaf area Leafarea  Grain yield w_o_nm_ow E.w?oﬁ E, F, Fv EJF,
deficit  applica height branches per plant ind Kg/h) 1 yield index (Ms) (Ms) (Ms) (Ms)
stress tion (Cm) (Noper ~ (Noper (Cm?) fnaex (Ke (Kg/h) (%) s s s s
plant) plant)
Fl 54.6" 336.0°" 741.3% 1680.38* 2.665* 112533 41733 26.9%¢ 0.404% 0.153"™" 0.250° 1.053%
F2 55.6%" 380.0¢ 809.3%h 1655.3¢* 2.665% 1218.67°" 5440.0° 22.6% 0.340° 0.117" 0.223% 0.838°
F3 120.3° 634.6° 876.0%" 3038.0" 4.86™ 1092.0" 10348.3° 10.6' 0.243* 0.173¢ 0.0704 0.286"!
F4 60.6°% 370.6>° 1170.6™ 2665.7* 426" 1657.33% 6984.0° 23.8% 0.253% 0.177¢! 0.076™ 0.301¢"
F5 61.0° 456.0° 1006.6*  2374.7°% 3.83%% 1224.0%" 5546.6° 22.04 0.243* 0.180" 0.063" 0.261%m
F6 48.0°" 308.07 616.0™  1201.0" 1.93¢ 1146.67°  4106.6®  27.8"" 0233  0.157" 0.076" 0.327¢"
S1 F7 93.6° 409.3% 1380.0° 3003.7° 4.80" 1346.67°°  10983.3" 12.34 0.323%"  0.160™ 0.163°¢ 0.503%
F8 59.0%" 324.0¢h 890.6% 2004.0%¢ 3.20%¢ 1765.33° 5480.0° 32.9% 0.390" 0.350° 0.040™ 0.101™
F9 58.3%" 268.0°" 854.6%¢ 1822.0" 2.93" 1122.67°% 5437.3¢ 20.7°* 0.356"" 0.200" 0.156°¢ 0.436°"
F10 89.6° 458.6° 476.0" 3273.7* 5.23° 672.0™ 4746.6% 14,1 0.373>  0.123™ 0.250° 0.670°
F1 52.0* 177.3 385.3" 958.0' 1.53' 376.0° 2460.0% 15.3" 0.293%7  0.170"™ 0.123" 0.419¢
F2 47 3km 213.3% 509.3* 2.16" 442.67™ 2825.6"* 17.2M 0.270% 0.227¢" 0.043Km 0.129™°
F3 75.6° 248.0™ 780.0% 1305.7+ 2.10" 513.33" 4777.3% 11.3' 0.340°¢  0.138™ 0.201% 0.594%
F4 54.6" 232.0™ 612.0"" 1921.0°" 3.06%" 846.67™ 3452.05 253" 0.360%"  0.210°" 0.150%¢ 0.414¢
F5 56.0%" 189.34 886.6%" 1157.34 1.834 772.08m 4367.3% 18.2¢% 0.377%¢  0.207% 0.170%* 0.447%¢
F6 67.3% 238.6¢" 637.3¢ 1473.3™ 2.36%! 953.33¢% 4094.6°% 23.5% 0.263%* 0.173¢! 0.090"* 0.350
S2 F7 70.6% 318.6% 1173.3% 2349.3¢f 3.765" 1474.67% 7544.0° 19.5" 0.270% 0.220%¢ 0.0508™ 0.184"m
F8 74.0% 340.0°¢ 1717.3* 2568.0% 4.13% 1437.33%¢ 12814.7° 11.4' 0.450° 0.287° 0.163°¢ 0.360°*
F9 56.6"" 242.6™ 660.0™ 1185.0 1.864 1086.67" 3820.0¢ 28.5%f 0.247%* 0.157 0.090"* 0.361¢*
F10 77.0° 270.6°" 668.0°% 1311.0" 2.10" 1610.67° 5418.6° 29.7>¢ 0.280™*  0.146"" 0.133%" 0.474%"
F1 53.6%% 214.6" 572.0" 1419.7™ 2.26™ 870.67"" 204938k 29 9bd 0.237% 0.225°T 0.011™ 0.027°
2 453m 241.3% 444 0k 1104.3' 1.76' 773.33km 2604.0% 33.8° 0.237¢ 0.174¢! 0.0634 0.267™
F3 47.04m 345.3¢F 586.6"" 1303.3" 2.10" 776.08™ 4004.0°" 23.1% 0.320" 0.170™ 0.150%¢ 0.467%"
F4 60.6°% 288.0%% 4253 2430.3%% 3.90% 837.33™ 32293 25.8%h 0.390% 0.254%° 0.136%" 0.350%
F5 43.6™ 365.3>¢ 584.0M 2452.0% 3.93% 1042.67 4388.0%  24.0° 0.330%"  0.210°" 0.119¢ 0.361¢*
F6 47.6™ 286.6"% 4506 11843 1.90% 1154.67°®  2558.6" 453" 0.447° 0260  0.186™ 0.415
$3 F7 56.0% 362.6" 566.6™  1749.087  2.80% 504.0™ 3553397 14.0%  0250%  0.184" 0.066" 0.275™
F8 55.0" 238.6¢" 389.3m" 1203.34 1.934 628.0™ 2616.0% 23.3% 0.250% 0.190% 0.0604™ 0.240%"
F9 483 305.3¢% 524.0" 1248.0M 1.96™ 449 33" 2638.0% 17.0" 0.360%" 0.177¢! 0.183%¢ 0.505%
F10 43.0" 205.3% 416.0™ 1050.3' 1.70' 640.01™ 2165.3 30.8%¢  0.343°¢ 0.270" 0.073% 0.217%"
Least Significant 7.0 104.9 228.01 528.1 0.85 242.30 1244.6 9.0 0.051 0.047 0.049 0.151

Difference
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Means in each column and for each treatment, followed by similar letter(s) are not significantly different at 5% of probability level, using LSD Test.

S1= Optimum irrigation, S2 = Water deficit at the reproductive stage, S3 = Water deficit at the vegetative stage

F1 = Without foliar application, F2 = Foliar application with pure water, F3 = 1/1000 nano-chelated Fe, F4 = 3/1000 nano-chelated Fe, F5 = 1.5/1000 nano-chelated Mn, F6 =
3/1000 nano-chelated Mn , F7 = 1/ 1000 nano-chelated Fe + 1.5/ 1000 nano-chelated Mn, F8 = 1/1000 nano-chelated Fe + 3/1000 nano-chelated Mn , F9 = 3/1000 nano-
chelated Fe + 1.5/1000 nano-chelated Mn, F10 = 3/1000 nano-chelated Fe + 3/1000 nano-chelated Mn
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Table 5. Simple correlation coefficients between the traits at the experiment
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Treat Number of ~ Number  3€@PCT [ eafarea Grain Biological ~ Harves
branches  of pod  Plant index yield yield  tindex ™ Fo F
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Number of branches 0.66**
CoMe sldas
Number of pod 0.45* 0.37*
& o
Leaf area per plant 0.67%* 0.77%%* 0.54 %%
N
Leaf area index 0.67%* 0.77%* 0.54 % 0.99**
4ls h.\Wre.v
Grain yield 0.27™ 0.34™ 0.65%* 0.42%* 0.42%*
S5 g > Sas
Biological yield 0.72%* 0.60** 0.90**  0.70** 0.70%* 0.60**
Cls el
Harvest index -0.54* -0.35™ -0.39* -0.42%* -0.42%* 0.26™ -0.49%*
P il s
Fu -0.04™ -0.05™ 0.16™ 0.12™ 0.12™ 0.086™ 0.11™ 0.07™
adgl il 26
Fo -0.23™ -0.21™ 0.13™ 0.01™ 0.01™ 0.21™ 0.04™ 0.32™  0.40*
s il -
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I e 538 5 551555 Sk -
Fu/Fn 0.11™ 0.17" 0.029™ 0.04™ 0.04™ -0.02™ 0.01™ 0.15™  0.44*  -0.57**  0.90**
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Introduction

Mungbean (Vigna Radiata L. Wilczek) is considered as one of the important
tropical and semi-tropical pulses. This plant is important in terms of nutritional
value, hay supply, green fertilizer and improvement of soil fertility (Al-Shaheen et
al., 2016). According to the previous studies, water deficit causes morphological,
physiological and biochemical changes within the plants, thereby negatively
affecting their growth and yield. Various studies also suggest that water stress
restricts nutrients absorbed by the plant as the absorption of nutritional elements
and the water available for the plant roots are closely dependent on each other
(Aghdasi et al., 2018). Therefore, spraying liquid fertilizer can be offered as an
appropriate method of feeding the plant in this condition (Alipour & Zahedi, 2017).
In this regard, the choice of the landraces and suitable cultivars and nutrition and
irrigation management can play an important role in increasing quantity and quality
of pulses and reduce negative effects of various environmental stresses. The present

research aimed to study the effect of water deficit stress on some quantitative and
Email address of the corresponding author: nike70@gmail.com
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qualitative traits of mungbean Parto variety under the foliar application and non-
application of nano iron and manganese chelates.

Materials and Methods

In other to determine the effect of water deficit stress and nano Fe and Mn
chelates foliar application on yield of mungbean cultivar Parto in 2013-14, an
experiment was carried out in the agricultural research farm station of Tarbiat
Modares university, Tehran as a split plot in a completely randomized block design
with three replications. The experimental treatments in the main plots were three
levels of irrigation regime [no cessation of irrigation (S1), cessation of irrigation
at reproductive stage whenever 70 % of the field capacity (FC) was depleted (S2),
cessation of irrigation at vegetative stage whenever 70 % of FC was depleted (S3)];
and in the subplots were 10 levels of foliar application [no foliar application of the
nano fertilizers as control (F1), foliar application of pure water (F2) including
1/1000 chelated nano iron (F3), 3/1000 chelated nano iron (F4), 1.5/1000 chelated
nano manganese (F5), 3/1000 chelated nano manganese (F6), 1/1000 nano chelated
iron+ 1.5/1000 nano chelated manganese (F7), 1/1000 nano chelated iron + 3/1000
nano chelated manganese (F8), 1.5/1000 nano chelated manganese + 3/1000 nano
chelated iron (F9), 3/1000 nano chelated iron+ 3/1000 nano chelated manganese
(F10] at withholding irrigation periods.

Results

The results showed that the water deficit stress and the foliar application of iron
and manganese nano-chelates significantly affected the most of the plant traits at 1%
probability level. Among water deficit stress levels, the termination of irrigation at
the reproductive stage resulted in the lowest yield and yield components, whereas
the highest values for yield performance were obtained from control (optimum
irrigation). The results showed that the highest values for the plant yield and yield
components were achieved with different levels of foliar spraying of iron and
manganese nano-chelates at the vegetative and reproductive stages, especially at
the vegetative growth stage, while control (no spray) decreased the yield and yield
components in the plant. Also, the interaction between the two main treatments

were significant for the most of the traits at 1% probability level. The results showed
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that the quantum yield of PSII in mungbean grown under water-deficit conditions

significantly declined in comparison to the control group at the reproductive (60.2)

and vegetative (97.4) stages, due to increased FO and decreased Fm and Fv.

Conclusion

The means comparison for the interactive effects of foliar spraying and water
deficit stress suggested that the greatest grain yield was related to the treatment
of optimum irrigation and simultaneous spraying of 1/1000 nano chelated iron
and 3/1000 nano chelated manganese (1765/3 Kg/ha) and the lowest yield was
associated with the treatment of the water stress at the reproductive stage and no
spraying (376/0 Kg/ha). The was found to be a high correlation between biological
yield and other morphological traits, especially dry weight of the leaf (r=0/90*%*).

Thus, it is suggested that these elements can be utilized as a factor for decreasing

stress and also increasing productivity in the plants.

Keywords: Cultivar Parto, Harvest index, Micronutrients, Pulses, Water deficit
stress
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