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Table 1- Physical and chemical properties of field’s soil

8 O ST SRRV &9 ool
. d Slgo ) . . p) . ..
o= J S sl Organic St Oz Fe T eR
Farming Depth ] N mgkg mgkg P K
car ofsoil  Soil  PH - Matter  EC g i N> (ppm) (ppm)
Yy % -1 ( ) ( ) pp pp
(cm) texture (%) (de.m™)
2017-18 0-30 g}g 7.62 0.89 3.94 013 182 1211 9 175
Clay
2018-19 030 g 7.3 0.91 3.74 011 185 1244 91  180.1

Slgal ailaie ;3 (culislyn sla el Slasuis -Y Jou

Table 2- Specifications of meteorological parameters in the Ahvaz region

Temperature (C)

[PX)

Jlo sla oo - o V-'5-'°) _
Months of the year h...;,...o .JS.L.\: ,S la> Relatlveﬂhumldlty
medium minimum Maximum (%)
5
e 32.15 22.15 44.02 25.1
May
» 33 24.74 46.15 21
June
é'é).n
33.71 26.13 47.24 24
July
A 30.2 19.45 43.78 28.3
August
s 24.8 15.26 33.14 39
September
ob! 18.25 11.1 27.66 54
October

Q)é axJlas ) u;)L:-?T u] > -y JS"".

Table 3- Volume of irrigation water in maize study

sl

Treatment

Sl ST S oz
Total volume of irrigation water
(m3.ha'l)

=105 b yb o0 Yo Al 1 g 55ke]
Irrigation after 30% of field capacity
=15 Cad b wo 0 Fr a5l uy (65
Irrigation after 40% of field capacity
1) S yb o3 B0 el 5wy 5l
Irrigation after 50% of field capacity

6435

5620

5140
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Table 4- Variation analysis of the effects of biochar and humic acid application under
water stress stress on the studied traits

- e e
i polin "‘ oy po il slag MGl e
S.0.V. S5 Number of row Number of 1000-grain . yield
df kernels weight
Year (Y)  Ju 1 0.01™ 78.05 9511 2045.1ns
ReplicationxYear )l Six Jlw 4 0.08 405.06 6.82 17.04
O dgae8’ i ok ok Kk
2 2854370 **
Water Deficit Stress (S) 985.17 250311 8961.3
Sx Y o sgmas Ju 2 4.07™ 254.11 " 0.15™ 5214 ns
(Ea) (s 8 13.52 3072.04 437.8 18256
. TS k% sk
Biochar (B)  ,lzgw 1 731.33 105741.1 5160.3 160574 **
BY  legmxJl 1 128™ 611.6™ 24.01™ 480.25 ns
- kk sk kk
BxS [ lzgux ol dgmes i 2 427.04 91348 6047.1 202574 **
SBxY  Of ogueS GikislzgmxJle 2 0.06 ™ 50.07 " 416™ 600.3 ns
Errorb s 12 10.35 2830.01 328.84 14247.4
Humic acidic (H) = Sqogad sl 3 287.04 805662 39003 175871 **
HY  Srogad sl x JL 3 3.44 ™ 0.55™ 25821 102 ns
- sk % sk
HiS  Snogud sl x ol 09008 i 6 1010.2 124083.4 4120.1 400547 **
o gud ] x 78 g i x Jlw
Sy 6 0.08™ 269 721" 193.4 ns
HiB  Sogad wpnsl x Lz g0 3 3.66™ 76.03 " 155" 251 ns
HxBxY Sogud duwl x ylz gus x Jluw 3 0.09 ns 81.23 ns 213 ns 174.4 ns
Serogad damol X 5l g x TS g0 A5
LB.S 6 0.517" 1151 ™ 10.04 ™ 230.8 ns
Serogad dmol 3l gy 3T G x Jlw
LB.SY 6 1.o4™ 29.89 " 632" 574 ns
Errorc s 72 7.92 2000.6 280.54 13800
C.V. (%) &y gy 9.13 11.41 7.45 16

# NS

VA 9 O JL:»}' cfa...: 5o )10‘5;_,“, P )bgsi"‘")ﬁ-é w).:z\; :awr s % .
: no significant, significant at the 5% and 1% probability levels, respectively.

ns, ** and *
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Table 4- Continued

e 4230 5 goun SnS | 3 gaw Wl P Judg s ol
T sol3T Superoxide 7 Chlorophyll
S.0.V. df dismutase Catalase Leaf area index
index
Year (Y)  Jlw 1 851" ™ 0.19™ 103"
ReplicationxYear ,|,Six Jlw 4 3.7 0.18 0.08 0.49
2l 3 2 547802 i 10126 21431
Water Deficit Stress (S) ) 5011.1 ’ ’
Sx Y of sgmesx Jlo 2 9.23™ 634" 0.09™ 312™
(Ea) s 8 3050.1 142.4 3.28 12.35
: *k s % %
Biochar (B)  ,lzsw 1 49000.2 6201.7 86.17 1582.2
BY sl 1 25" 449" 0.16 ™ 0.08 ™
T P sk et sk
BxS > guxol SguaS i 2 60370.9 2054.1°F 053" 900.3
SBxY O sguas’ iz gapx Jlw 2 8.15™ 3.00™ 027" 015"
Error b s 12 2600.1 112.94 2.05 10.34
Humic acidic (H)  ogep apu! 3 59340.3 1154.1 128.4 1024.6
HAY Sooged sl x Jlo 3 0.07"™ 372™ 0.03"™ 2.13™
T - k% s *%k
HS  Sogad aumsl x0l3 9005 i 6 33140.3 1841.5 0.008 ™ 754.28
Sorogad Sl x0T 3 guaS 105 x Jbw
6 ns ns ns ns
LS.y 5.2 443 0.01 171
HB  Spoged sl x)lz g0 3 403™ 039" 0.09 ™ 0.93 ™
BB Scoged dosl lzgm xJlo 3 100" 7.48™ 0.01™ 0.68 ™
Sarogad duanl x5 g x0T S90S (i
LB.S 6 174" 2.19™ 0.04™ 0.12"™
S0 g s X 51z g x T (2 x Jlos
HBS.Y 6 2.06™ 6.88™ 0.21™ 137"
Errorc  las 72 2357.1 100.16 0.42 7.08
CV. (%) Oy y 11.17 9.92 18.46 5.88

ns, ** and *

23 # NS

1Y 50 Jlsl mhaw 40 o gixe g ls et oS ga T g T

: no significant, significant at the 5% and 1% probability levels, respectively.
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Table 5- Mean comparison of traits under water deficit stress, biochar and humic acidic

Sloxs

alsolas s lv): 5 )Slos “’::“5"?'"" - i Lo
. &lo 15 . U goumsd J .
. 9,0 ) als o
Lb)"“'.‘i" JN" 1000- Grai Superoxide Catalase J)-’ Chl”ls
Treatment Numb  4rin .rallg dismutase  (Unitmg' ¢ o holrlo
Number  erof  (oioht (kyli ) (Unit.mg' Protein) arca illd}é
ofrow  kernel (2 28 Protein) index X
s
Water deficit stress
1)) Cad )b oy Yo
(5 s o) 37.14  519.96  240.91  9000.24 334.71 7111 415 493
Farming capacity 30%
=) b b w0 ¥
. . 31.45 440.3 227.81 7270.14 431.05 100.3 3.5 45.35
Farming capacity 40%
1)) Cad )b o yo B
e SudsB ey 2384 33376 20573 5750.61 5373 131.04 289  41.02
Farming capacity 50%
LSD5% 0.91 9.35 3.61 450.17 19.13 4.85 0.17 1.85
Biochar sl g
3,
e 262 3668 21117 647525  525.12 1287 291 42,07
Non-application
LS jo o ¥
e 3543 496.02 23855 8205.42 343.58 72.93 412 4838
4 tons per hectare
LSD5% 0.76 8.48 4.74 370.05 23.25 3.31 0.22 1.27
Humic acidic <o gud il
sl
23.64  330.96 204.71 5600.56 304.01 66.88 2.84 40.11
Control
LS jo il ¥
e 52 2731 38234 21736 601036 4002 9073 307 4376
2 liters per hectare
LS 50 5
_) » 35.78 500.92 2374 8800.14 514.18 121.03 4.01 47.45
4 liters per hectare
S 50 il #
IS 36,52 51128 239.79  8950.28 519.1 124.62 414 4956
6 liters per hectare
LSD 5% 0.85 7.67 4.03 341.34 27.83 4.52 0.26 1.64

Wl Sl gme B woyo gy Jleisl mhaws jo cl 55,5 LSD 5l leddisl a8 Sl jles oSileo
Mean treatments greater than LSD had significant difference at 5% probability level.
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Table 6- Mean comparison of traits under interaction of water deficit stressxbiochar

bwsf,wu &ls Slass &ld olazs BLIRST S ySlos . )-!5:" s AL
o e . I s &ls als S )
Water Biochar  ¥2°  \umber  1000- Grai Superoxide ~ Catalase Jubgsls
deficit tha! Number of grain Y?elﬁil dismutasel (Unit.mg Chlorophyll
stress of row kernels  weight(g) (kgha™) (Unit.mg Protein) index
) Protein)
Loy Y. é).g)lf P
b, Non- 32.41 453.74 230.43 8146.88 359.27 83.21 46.18
) application
=)
Farming 4
capacity tha'! 39.05 546.7 241.05  9164.46 320.01 66.53 50.35
30% '
o ys Fe Syl pus
bl Non- 26.06 364.84 221.82  6295.53 513.24 121.49 43.67
B application
=
Farming 4
capacity tha! 38.63 540.82 238.61 8995.18 421.19 96.84 49.14
40% ’
oy B 3,8 pase
Cad 5 Non- 21.54 301.56 203.04  5467.71 550.05 130.75 40.02
s application
Farming 4
capacity t ha'! 27.18 380.52 21435  5972.25 442.37 106.04 42.23
50% na
LSD5% 1.07 10.11 438 360.44 22.19 3.86 1.14

5l s e BN s ys s gl 4o Cenl 55,5 LSD i laddlist a5 e lews 2Sike
Mean treatments greater than LSD had significant difference at 5% probability level.
Sl Sogat X SlogaS 25 il Cod Slaw Jlite &l xSl anslio ¥ Jgos
Table 7- Mean comparison of traits under interaction of water deficit stress x humic acidic

a e o w e et M‘,&}w
o Sogad Wls oluxy | Mle Sl BTIST) S ySlos " g ol sle
Ol dgueS | . I 5o &l &l TG 1 .
Water - S92°  Number 1000- Grain Superoxide ~ Catalase, e ls
deficit humic Number of grain yield dlsn}utaselt (gmtt.l_ng Chlorophyll
stress acidic of oW ernels weight(g)  (kg/ha) (ijrnoltterlrlll% rotein) index
“)f;’ C;:fol 3208  449.12 22707 736257  310.11 65.2 45.58
=<l 2 L.ha! 35.12 491.68 230.34 8000.41 330.04 72.19 47.94
Farming 4 L.ha! 38.01 532.14 239.1 9243.75 381.45 88.06 50.61
cag)(z)loc/ity 6 L.ha 40 560 242.02 9700.37 386.1 91.25 51.34
0
woyo Fe el 27.01 378.14 221.41 6100.5 394.06 89.38 41.45
Cud )b Control
=<l 2 L.ha' 31.03 434.42 225.13 6601.32 4573 96.04 43.77
Farming ~ 4Lha' 3302 46368 23223 732191  483.25 117.56 45.91
cafg;ity 6 L.ha 39.22 549.08 240.51 9670.42 495.13 120.3 50.74
0
2ys b el 2201 308.14 20232 561836  438.04 102.35 38.44
b b Contrcﬂ
=<l 2 L.ha 22.11 309.54 205.28 5960.58 480.16 110.35 39.67
Farming ~ 4Lha' 2504 35056 21819 621279 527.02 12725 419
cag)(z)loc/ity 6 L.ha! 27.2 380.8 222.1 6291.23 530.1 130.14 42.86
0
LSD5% 1.18 5.03 241 332.06 31.43 4.02 1.92

)l o e BB s ys iy mhaes 4o Sl 35,5 LSD 5l jladdisl a5 lajles iSile
Mean treatments greater than LSD had significant difference at 5% probability level.
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Abstract

To evaluate the effect of different rates of biochar and humic acid applications on
physiological characteristics and grain yield of single cross 704 hybrid corn under water
deficit stress, a split split plot experiment based on a randomized complete block design
with three replications, was conducted during two years (2017-19) at Ahvaz. The main
plot devoted to water deficit stress, with three levels irrigation (after depleting 30, 40,
and 50% of field capacity as optimum irrigation, moderate stress, and severe stress,
respectively) and sub-plot to biochar with 2 levels, non-application of biochar (control)
and application of 4 tons per hectare of biochar, and the sub-sub plots to humic acid
with 4 levels non-application of humic acid (control), and application of 2, 4, and 6
liters per hectare of humic acid. The results showed that the interaction effect of water
shortage by biochar stress and water shortage by humic acid stress on grain yield, 1000-
grain weight, number of grains per ear, superoxide dismutase, chlorophyll index and
catalase were significant at 1% probability level. Under severe stress conditions grain
yield (36.54%), number of grain per ear (36%) and leaf area index (30.36%) decreased
and activity of superoxide dismutase (37.7%) increased. Acidic acid had a significant
effect on all traits under study. The highest grain yield (8995.18 kg.ha™") was related to
irrigation treatment after 40% depletion of field capacity and application of 4 tons per
hectare of biochar. Based the results obtained application of 4 liters per hectare of
humic acid under moderate moisture stress conditions, could be recommended in arid
and semi-arid conditions to save water consumption and reduce the effects of water
deficit stress.

Key words: Chlorophyll index, Grain yield, Humic acid, Optimal irrigation,
Superoxide dismutase.
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