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Table 1. Physical and chemical properties of study site soil (depth 0-30 cm)
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Year @0 cccccieiiiiiiiiiinn (A)) ............................................ (mgkg ) ................
2015 14 40 46 23 0.19 64 072 42 98 539 715 Silty-clay
2016 12 41 47 22 0.15 59 081 41 101 499 7.4 Silty-clay
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Table 2. Variance analysis of soybean quantitative traits in different irrigation treatments and Fe, Zn and Mn nano-

chelate foliar application (Mean squares)

5,Shos 5,5dos T [FI N ails oluss
Q)i als 0395 S Cuols agy 0 M‘é Slass agr 4o
O i @alio 005! Seed Biological =~ Harvest Pods / SUe o seeds /
Sources of variation df yield yield index plant  Seeds /pod  plant
e 4826.5™ 35361.3™  9.48% 4262 13.68™  105.95™
Year (Y)
o deels e 55783 41930.1 273 1532 671  96.18
ReplicationxY
o el 3 10669955 914975.5%  105.73" 208.96™ 242.44™ 2800.57"
Irrigation (I)
yx1 et 3 967977 137107 125 149% 024m  17.12%
bl sles 767.1 127936  4.08 7.83 429 3501
Error
, e 21681217 6118947  8.62% 8251 9278  872.14™
Foliar application(F)
YXF Jursbd g 18692.8m 52450m  0.53 415 296™ 540
IxF elal X Sdsb o1 5637157 176850 12.067  0.68™ 265" 20.86™
X XS o 186348 30712 225% 059 234 503w
YXIxF
Fe o 730846 354599.1 774 8.65 540 5261
Total error
CV (%) Ol cypd - 10.6 12.7 6.64 1036 1008  10.57

Aoy S g g Jloil o 10 o e g 0 ixe il oS5 4 *F o F ns
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 3. Mean comparison of soybean quantitative traits in different irrigation treatments and Fe, Zn and Mn nano-
chelate foliar application

sl Foliar application &ils 8 Slos °-"9-’;“*15 Q)SJM e Aigr 53 dils Slaa
Irrigation Hbdol=e  Seed yield l(;fli(:e%(lical I-ll?ll;l‘:;st Sé;ds/plant
Kg.ha'! %
Control (o ) vl 2491.2°¢ 6079.6f 40.97 4 66.57f
Fe ) 3211.1¢ 7484.34 42.90 be 79.78 ¢
Zn S9) 32154¢ 7456.74 43.12° 78.40 ¢
Jols G)Q-PT Mn P 3436.1% 7775.4°¢ 43.19° 82.02°
Complete irrigation Fe+Z sarorl  3600.9° 8194.4 43.94 @ 83.68
Fe-+Mn PEetoal  3222.5¢ 74943 4 42.99 be 81.41 ¢
Zn+Mn Pt 59 3704.6* 8358.42 44322 84.00 2
Fe+Zn+Mn 3wt g9 st ool 2795.74 6588.4¢ 4242 °¢ 75.41¢
Mean RIS 3209.7 7428.9 42.98 78.91
Control (o ©f) walis 2097.5¢ 537471 39.32¢ 47.15¢
Fe ool 2487.4°¢ 59123 42.07 ¢ 58.76 4
al> 4o 5o 6)L.*.-?T ahad Zn S$9) 2407.7 < 5810.5¢ 41.42 < 59.804
oS Mn P 2562.9b° 5829.34 43.96° 63.69 ©
Water deficit at the Fe+Z sasbodl  2885.8° 6817.5° 4232¢ 68.58 °
flowering stage  Fe+Mn pwtel  2638.5° 6432.4°¢ 41.02 < 70.40 ®
Zn+Mn P+ 89 2879.4* 6691.2° 43.03° 71.38%
Fe+Zn+Mn  pSiwtgoyronl  2307.7 9 5655.8¢ 40.08 63.99 ¢
Mean el 25334 6065.5 41.65 62.97
Control (ylato o) walis 1622.1¢ 4283.9° 37.864 51.90 ¢
Fe ool 2112.3¢ 5279.4 4 40.01 b° 61.18 ¢
alo o 35 ol g3 Zn ss  21417¢ 53211 40.24 b 60.44 ¢
ROl Mn prLevs 2218.3 b¢ 5446.2 ¢ 40.72° 63.86"
Water deficit at the Fe+Z soronl  2613.89 6276.5° 41.64 67.51°
pod set stage Fe+Mn Pt oal 24599 61062 40.28 b 66.47 @
Zn+Mn ot gg, 248530 6056.6° 41.02 % 67.542
Fet+Zn+Mn 3wt g9yt ool 1914.74 4660.5 © 41.08 @ 62.45 b
Mean oeibeo 2196.01 5428.8 40.35 62.66
Control (o ) walis 1762.1¢ 4381.9° 39.21°¢ 56.99 4
Fe ) 1995.3¢ 4957.1 ¢ 41.08 ¢ 69.14 ¢
al> 0 30 o)l gbd 7Zn S9)  2200.2° 5211.84¢ 42220 68.04 ¢
aild ol g Mn P 2413.5° 5768.5¢ 41.83be 72.03
Water deficit at the Fe+7, ool 2655.7° 6179.2 42,972 75.14 2
seed filling period _ -
stage Fe+Mn pR TRl 2576.3% 5993.2° 42952 74.86 ®
Zn+Mn Pt 59 2583.6% 6099.12 42.26° 72.95°
Fe+Zn+Mn 3wt ge st ool 2080.64 5129.9¢ 40.554 70.76 b©
Mean oSibeo 22834 5465.1 41.63 69.99

25,05 (6l sime Eigles o p0 O Jlesl mhans 10 Sils (03] bl ditees S i By sl 4 g e 0 ole ) Sile
Means followed by the same letters are not significantly different by the Duncan test 5% probability level
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Fig. 1. The mean of number of pods per plant of soybean
under complete irrigation and drought stress condition.
I1= Complete irrigation, I12= Water deficit at the
flowering stage, I3= Water deficit at the pod set stage,
I4= Water deficit at the seed filling period
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Fig. 2. Effect of foliar application of iron, zinc and manganese nano-chelate on the number of pods per

plant of soybean
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Fig. 3. The mean of number of seeds per pod of soybean
under complete irrigation and drought stress condition.
Ii= Complete irrigation, I>= Water deficit at the
flowering stage, Is= Water deficit at the pod set stage, I+=
Water deficit at the seed filling period
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Fig. 4. Effect of foliar application of iron, zinc and manganese nano-chelate on the number of seeds per
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Table 4. Variance analysis of soybean quantitative and qualitative traits in different irrigation treatments and Fe, Zn

and Mn nano-chelate foliar application (Mean squares)

BUZINST) o ,Sloc WIS 5,5dae
4y Y K w0 y0 e e e
i ol o7 . 09y O 9y OGP 95
Sl & ) 1000-seed OF9) Qil Protein Protein
Sources of variation df weight  Qil percentage yield percentage yield
JL“’ ns ns ns ns ns
vear (V) 1 127.32 0.64 2416.3 129.03 9633.3
L ey 102.42 10.04 14464.2 1037 7859.2
ReplicationxY
o =l 3 303 44317 615306.5™  198.48"  847613.2"
Irrigation (I)
v Juretl 5 2313 0.014™ 1301.8™ 28.68™ 1260920
aleilgles ) 49.05 281 11934.9 5.98 6773.5
Error
, Coehddl o 99519 36077 203926.17 153.46™  602286.1°
Foliar application(F)
- Juo X idslee 7420 0.004 3355.7m 537 12435.6™
e O D B € .7 S | . ke 9927.2" 2.58° 10204.6"
Jurelel XeShdslxe o g 0.02m 341920 1497 4758.8"
YXIXF
Kok p o 13 429 9136.7 13.41 24277.1
Total error
C.V (%) &l i 9.54 9.95 15.8 10.44 1431

Aoy S g g Jloil o 30 lo Sme g 0 pixe il cud 5 4 *HF 5 ¥ NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 5. Mean comparison of soybean quantitative and qualitative traits in different irrigation treatments and Fe, Zn
and Mn nano-chelate foliar application

- ‘y ) o 4o [SV-RN) o,SJ.n:
LT s . u”, ‘) S ;..)
f'g) - Foliar applicatio Al i OF9) o) e 9y REryY)
Irrigation 1000-seed il 0il vield Protein Protein
weight percentage 1 ye percentage yield
g % Kg.ha'! % Kg.ha'
Control  (yhie of) walis 11371 19.15¢ 496.21F 28.84¢ 747.30°¢
Fe ool 123.0¢ 21.38¢ 697.77% 34.07¢ 1094.02°¢
Zn S 119.7¢ 21.37¢ 687.13%  34.71ab® 1116.10%
Job5 55k Mn JIn 129.0 ¢ 22.41% 770.03 34220 1175.83"°
l‘i‘r’l';';’t‘leots Fe+Zn ol 122.24 22.78"° 820.28 35.28%® 1270.392
Fe+Mn JILIPENY] 131.6° 2331 774.47° 34.87° 1158.55°
Zn+Mn ot 59 136.12 23.73% 879.12% 35.78% 1325.50®
Fet+Zn+Mn 3w+ g9 y+ op] 117.5¢ 21.60% 603.87 % 33.624 939.91 <
Mean eSSl 124.1 21.96 716.11 33.92 1103.45
Control  (yhio of) walis 102.3¢ 18.32¢ 384.26¢ 27.48¢ 576.39¢
Fe Y] 115.8¢ 21.20% 527.32°¢ 33.33¢ 829.05°¢
P el ad Zn $9) 114.1°¢ 20.61°¢ 496.21 < 33.16¢ 798.39<d
P a>w  Mn e 119.9® 21.220b¢ 543.84b¢ 33.63% 861.90 ¢
Water deficit Fe+Zn ol 113.0°¢ 22.752 656.512 32.334 932.97 %
at the Fe+M TSN | a b b b b
flowering e+Mn JITITN 123.6 21.84 576.24 33.96 896.03
stage Zn+Mn PRt 59, 119.5° 22332 642.92° 35.27¢ 1015.56°
Pt 59+ 0] 108.2 4 2046 47215 32,97« 760.84¢
Fe+Zn+Mn
Mean el 114.3 21.09 469.45 32.76 833.89
Control  (yhio of) walis 79.6 ¢ 17.81¢ 288.89 f 29.34¢ 475.92¢
i Fe ey 94.1 @ 20.32¢ 42921 3622 801.29
rolelebd 4, 9 92.8" 2023¢ 433269  36.98° 792.01 <
SUe al> 5o Mn P 87.5¢ 20.47¢ 454.08 © 37.30% 827.42 b
P Fe+Zn SarteRl 97.8¢ 21.64% 565.62 % 37.77% 987.23 @
Water deficit  peivpn JECINEN | 94.8 @ 20.99 % 516.33° 37.58" 924.43 b
at the pod set _
stage Zn+Mn P&t 59, 98.12 21.27° 528.62%  38.51° 957.08 @
Pt 59+ o] 86.6 ¢ 20049 383.70¢ 35359 686.84 ¢
Fe+Zn+Mn
Mean oSSk 91.4 20.34 449.96 36.13 806.53
Control  (yhio of) walis 91.5¢ 17.47¢ 307.83 ¢ 31.01¢ 546.64 ¢
+ .. Fe oy 100.2 ¢ 19.83¢ 395.66 ¢ 37.98¢ 757.81°¢
2 sl o Z d 117.2° 20.21° 444 66 < 3 831.01®
n $9) 7. : 66 ° 7.77°¢ 01
Oy alo o ,
. Mn JECin 108.1°¢ 19.84°¢ 478.83 ¢ 38.36% 925.81°
ol -
Fe+Z oy be a a a a
Water deficic TETZM 2 s+ 115.1 20.63 547.82 39.11 1038.64
at the seed  Fe+tMn JILETRNY 112.5 b 20.16° 519.38® 38.61% 994,70 @
ﬁ“i“% period  7n+Mn oot s9) 120.1 2 2045° 52834  39.57¢ 102233 @
stage e o
Pt 59+ 0] 99.1 4 19.64 < 408.62 ¢ 36.424 757.75 ¢
Fe+Zn+Mn
Mean Ol 107.9 19.78 453.89 37.35 859.34

Means followed by the same letters are not significantly different by the Duncan test 5% probability level
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