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Table 1- Physical and chemical properties of soil at the test site

dasino Syl
Characteristic Value
SSeySlleglis  Electric conductivity (dS.m™) 2
pH 7.6
0L 5 LB lge Neutralizing agents (percent) 10.5
S epsS Organic Carbon (percent) 0.84
5 iy Total Nitrogen (percent) 0.08
ol B e Absorbable Phosphorus (ppm)  16.4
ol 6wl Absorbable Potassium (ppm) 195
o Si (percent) 35
o) C (percent) 54
£ L (percent) 11
elsl oy 0oy Saturated moisture percent 48.5
oal Fe 4
proes Mn 17.8
89 Zn 0.7

e Cu 2
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Table 2- Morphological and hydrolytic specification of porous clay capsules
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(cm) (cm) (cm) 25 kPa 50 kPa 80 kPa 100 kPa
3.5 15 1.0 20.0 3.9 6.8 12.0 151
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Table 3- Analysis of variance of traits in flooding and underneath conditions

- Tss Jib oA el _— ) .
S L e FO SR N e s, e S B g,
i s el Pl Tt e Auigh Ve ” g » zs 5335k 2 i1
Source of variation ' Height 1% Number ¥  Total  Main SR ®F 2 Numberof Number Number Ferguey Weight oL
weight  of fertile “infertile Weight of  panicle Length of Ieg th Flag Flag  primary offilled of unfilled © offilled ‘n'filght
panicle panicles  length panicle g leaf  leaf  prapches grain grain grain
from pod width area
ciS bl
Cultivation 1 1645467227275 33557 48347 399477 117047 15267 16185 0207 61247 60507 5134227 34060.507 15447.60 3.65° 5495017
conditions
V= 34 920 3138" 258" 0.44 1317 107" 0.607" 122" 01" 682" 058 3627 2347 0.02% 0047 354
Errora
ks 1224226394879 734727 136127 194269 37173 40399 63937 011 015® 34727 423200" 684.50" 75764 0.01% 8646.127
Genotype
i eyt % e
C“l"_"f‘“"“ 1 88.44™ 358 142" 001  3200" 1.28™ 185" 0320s  001% 001 672" 20672 102727 1690 009" 26068
conditionsx
Genotype
vl 34 556 1348 035 033 0.44 041 011 019 001 097 028 118 028 022 001 457
Errorb
: 26 66 22 11.52 29 39 655 19 56 64 68 13 14 06 39 27
b gre MBI e DS o Y g B sl pau 3 e 5 e T we g e
* *%* Probability levels at 0.05 and 0.01, respectively, ns no significant difference.
w5 B2 Bl fgetms 3 oy 3,90 Ollo il 4305 Y Jgao aalof
Continue to Table 3- Analysis of variance of traits in flooding and underneath conditions
28 2o ar ke Sy p Fin  Y(II) ETR FO P qN QL NPQ Fo Fm  FvFmFv/Fm  Fv
Source of variation Yield Ripe
it Ll ae - . s . P . . . .. e as - P o -
- L'I‘"f . 1 12968815.21° 1870.68  9127.50 " 1646.74 ° 0.25 159957 5419.56 0.78 0.19 0.99" 0.68 5659.29  260937.78 025" 0.07 57291.12
Cultivation conditions
\E:L: 34 9764749" 099 127ns  327° 001% 084* 107 0.01% 001" 0.01% 001 087 035° 001 oM™ 472%
ora
) 1 23398135.50" 2139.01" 1707.87" 1627.66™ 0.07" 17225 349.65” 0.1470.0170.137 0,01 2909.14 917259 001" 001" 175034
Genotype
et bulos x Cotei} " o - . . - . . 4 - . . .
s 1 109927.35% 21.12 1.20% 80927 00Ins 59347 1195 0.01¥001 001 001" 118407 93470 001" 001 173068
Cultivation conditionsx Genotype
¥ s
ks 34 33243474 095 142 298 001 074 062 001 001 001 001 075 265 001 0.01 3.69

-~ 127 02 0.9 07 13 2.7 14 14 81 33 330 1.0 06 06 05 1.1

* *% Drobability levels at 0.05 and 0.01, respectively, s no significant difference.
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Table 4- Analysis of variance of traits in flooding conditions

Slos Sloas =55 bp Sl | HEIRPT
. . 5 o8 J_;b tsﬁ‘_._]sb Jsb Bt i e alyslag SO 8 g -
— L, s e LS e sn sy Sy 5 ois
et e JUprX & o L L Beis D e alg] 2 T eak o
Source of height Total i M3 v)ﬁ) ! Total ;rL’ . #Ar 4 Number of Number Fertility Weight -
variation weight Number Number weight of Main Lengthof Flag Flag Flag primary  of filled of “ of filled All grain
of fertile of panmicles Ppanicle panicle  leaf leaf leaf branches grain unfilled grain weight
panicle infertile length from pod length width area grain

Ge;mt}pe 1 1610.687 3268447 47669 66.69" 123669 20832 230287 36707 006" 0117 36007 3154.69" 128447 274087 0.10ns 5954.69"

B34 1167 27.36 175 0.55 1.08 0.86 0.52 069 001 485 0.38 385 0.60 0.36 0.02 436
of

36 8.5 5.5 17.8 41 45 12.6 34 9.7 12.7 7.1 2.0 5.0 0.7 7.8 23

b ere GME] f0ei S o0 ) o0 Jlanl mau o e b s e g e

* **Probability levels at 0.05 and 0.01, respectively. ns no significant difference.
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Continue to Table 4 Analysis of variance of traits in flooding conditions

pigle gp Sles Fasy g Fia Y(@) EIR FO gP N gL NPQ Fo Fm FvFmFv/Fm Fv
Source of variation Yield Ripe

1 13357806.69"° 11377.77" 809.08™ 1217.23"° 0.03"° 21690 116.16™ 0.07" 0.01™ 0.10" 0.01™* 926.86™ 8000.30"" 0.01"" 0.01™ 3481.00

.

Genotype
EL‘ 34 28554350 0.75 145 405 001 095 092 001 001 001 001 110 1.75 001 001 323
ror

“‘8;"_ 10.5 0.9 1.0 0.8 1.1 26 15 1.2 91 31 111 1.4 0.5 0.6 0.6 0.9

b e SMED i S Ao Y g8 sl ma oy ve b e T w8

* ** Probability levels at 0.05 and 0.01, respectively, ns no significant difference.
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Table 5- Analysis of variance of fraits in underneath conditions

slaad ) =g Jak > Sl
S o CF mRde JEoo i daw wbslag &l olag S3es e
- ) 4 wis jlads Sp Sy Sp 5 s
il g3l g1 F o abais s adgh . : adsl
bl df gl BN LG L ! e - o - 3 2 &% Sk ” &y
Source of Height Total  Nymber 4% Total i =R MR MR Number of Number of Number popqility Weight All grai
variation weight  of fertile NUIbEr yejont of Malm Leng?h of Flag Flag Flag gy filled  of unfilled ¥ offillea L g‘lj .1:11
panicle o panicles Pamicle  panicle  leaf  leaf  leaf  papches  grain grain grain weigh
infertile length frompod length width area
Ge‘mtwe 1 720027 161618 27225 6a.4™ 738007 16469" 175527 27567 0057 004% 5447 1284027 658777 50046° 001 2952117
EE:» 34 290 17.50 119 0.22 0.67 0.61 0.20 072 001 293 047 122 203 0.09 0.02 375
or
;""g\}u’: 2.00 8.31 557 8.08 4.00 431 9.34 398 9.7 12.7 10.99 1.5 24 0.6 10.6 2.7
FUPTIRE RIS R R Y Y IR SRR IS TR LT LY
* *% Probability levels at 0.05 and 0.01, respectively, ns no significant difference
Sl bl B w30 Olio pills @325 -0 Jsaa sl
Continue to Table 5- Analysis of variance of traits in underneath conditions
2 s it e S B oy YI) ETR FO P gN gL NPQ Fo Fn FvFmFv/Fm Fv

Source of variation Yield Ripe

e 1 10150256.16™ 10033.36" 900.00™ 491.36™ 0.03"" 14.69™ 245447 0.07" 0.01 0.38™ 0.01"" 2100.69" 2116.00™ 0.01"" 0.01" 0.02*

Genotype

Eﬁ‘ 4 16453874 118 124 220 001 063 078 001 001 001 001 053 446 001 001 518
or

“(*{ 9.6 14 08 06 16 29 18 15 95 31 33 08 09 08 05 16

b e WS e 08 o Y g8 lainl o 3 g (b fes i B g @

* ** Drobability levels at 0.05 and 0.01. respectively, ns no sigmificant difference.

byl o e 0 0,Sles Db L 35 b Cwl (odawy;
A5l ol dme SIS g cunl (a5 alpi) YL OBy
Sy el g poie (Job il sz bewg) om Che ol
awlio D (Alawpj llpd i CBye ld > e p
M plis (o pj 9 GByE il 3 Loyl on oNke
5 87.110 wigi 4 cumi YL oSles AEL2] (g}
Lol ol (Hwang et al., 1989) 4, § Kilgn (& Joi)
g Sila ol talS @y 3 ) adg Job (ol S S
o Sles gly 1y (o)l gme M| (Jiang et al., 1991) S
Adges odalie e bl dlte lacopis cov
» &S 6ol slas 6 (Mirlohi et al., 2004) ), Sen o () yuo
ol Gl JB 5 Jsloro S5 4 i polie pan QB Lalps
ol 2 80es (38l 5 olS i Ad) el a3 Osdipe Jids
sbayiahl )3 Oolis (odawy; 9 By o)l anglie b 23,5
o5 Slagbsy ) (Ko (F Jaiz) 1 sanlio Jg)IS byl
S ol Jubo S il gl (6 Se318] (g5tngid i 3 PO
Mohammadi et al., ) il o olS  slewded Cunsy SU5L

(2008

bulyd 93 0 gl :Ske dulio (mNile Al
b 0139 1ol 5,Shas (il o> olis (s o5 9 B ()l
Lulyds gy abs olaws 5 adsl 9 555l adgd dlaas s IS 59 <p
g ol (s blpd @ Cond pVL 5:Ske b OBy
cab 23y Glaw cpl Ml bewe) w )b dme OS]
oy (Juraimi et al.,, 2009) ,\Ken 5 (solyo> (& o)
S 03,5 oS @i o Ses g 45) ol e slagyj, Sl
slomy slojlos 51 juin ol By ol balps ) g plis)|
g ()l il
Mol CBye ks 5> bewis) gn (xSke awlie
Wlo 0,Sles &y bgrye Claw o IS glas)l b 51 AE121 iyl
w31 5 el g s (JS s iy daadis JS
dulio (7 J312) 3, B7.110 <3555 4 Cumd 55V e
i) 3 Gl g awp; llpd  bess) on (ke
5 oy 5 s 5 £l 5 51 VL ke sl AEL2L
J92) 392 3Sdas & bgye lio 103 5 &l JS' jg daadys
b GBy llys > o3)Sles Clio (30 Vb 4 a2 L
bulyd Sl jide CBye Ll 5Sles :Sle o5 ol
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Table 6- Mean comparison of waits in flooding and underneath conditions, flooding and underneath.

sl
slaes JBaie aded Jsb g Jeb " e g, ddgholiad ailislad il sl ) .
glis! Fojp .. B Lo Lol ey Sl Snoes dpoele a] . L & ois 3
Heiehe Total 27 e : JEE e e o o EE gmb Weightof  aib 3fles S,
2N veight .\umb.el‘ \'nmi)el‘ _'I"olal )anl Le_ugIIl of Flagleaf  Flagleaf Flag leaf .\UL?ﬂ)el‘ <_)f 3u1pbe1' Number Fertility filled grain 4] grain Yield  Ripening
(cm) (2 of fertile - weight of  panicle  panicle from length (em) wjd(i(tm) area [cm!) primary  of filled of unfilled (g) weight (g)
= panicle ‘nf‘)fnl panicles (g) length (cm)  pod (cm) th - branches grain grain stz
Indertue
Pl iy M Bl e
Compare the conditions of flooding and vaderneath
Flooding 9430° 613¢# 2408 423 25.04 20.68° 578 24.40° 0.95° 17.33 8.70° 0233 1561 8535 203 88187 506984 884
Undemeath 84.80° 50.14° 1951° 587 20.36° 18.14° 485" 21.40° 0.84° 13.52° 6.88° 7553 50070 5603° 1587 7081° 422314 782
Bkl el sl
Compare of varieties in flooding conditien
87.110  §779° 5344°  2050° 556 10.33° 18.34° 824 25.38° 0.91° 1727 770 8322 1744 g267 197 75677 447720 7111°
AEI21 10117 6067 27780 283" 3106 2315 318 23.36° 0.00% 17.30° 072 10104 1367 8819° 208 10130°  560540° 10667
g b3 2 B auslis
Compare of varieties in underneath condition
87110 804" 4362 1683 7127 15967 16.06 7.00° 2225 0.807 13.497 6.50° 60.72° 6333 52400 160°  6200°  370650° 62007
AEI21 8939" 5702 2233 444 25010 2033 258 20.50° 0.88 13.56" 728 8167 5478"  5986° 156 80.11°  476850°  95.39°
Py g P e s 0L Bl fpam 2 sy 290 Ol (0 SULe sl T g sl
Continue to Table 6- Mean comparison of traits in flooding and underneath conditions, floeding and undernzath.
' YI) ETR FO qP qN¥ qL NPQ Fo Fm Frfm  Fv/Fu  Fv
Flooding 11357 23758 0.52° 37.13° 65.73° 0 0.14° 0.42° 0.16" 76.32" 27714 0.72° 072" 20082°
Undemeath 13608 22796° 040° 276  43.40° 0.51° 0.25° 0.18° 0.36° 6412 238260 061" 079 14413°
$7.110  10896° 24324 0553 3057 67.48° 076" 0.16* 047 017 81.25° 201 641 0.72° 072" 21038
AEI2]  11844° 23161° 049°  346° 6388 0.67° 0.12° 0.36" 0.15° 7® 2618 07 072 19072
87110 131227 23155 0437 2827 50.04° 036" 025 027" 036" 10155 24572 0.59" 078 14416
AEIZL 14122 22466° 037 27000 457 0.46° 0.3 0.15° 035" 627" 23038 06 080°  14411°
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Table 7- Mean comparison of yield in flooding and underneath conditions, flooding and underneath in both experiment

Jol ool P93 ool
Lyl i First experiment Second experiment
Conditions 5ySlos 5)Slos
Yield (kg.ha™) Yield (kg.ha™)
;g Gl byl sl
Compare the conditions of flooding and underneath
Flooding 50.69.84° 5407.50%
Underneath 4223.13° 4140.16°
Sye Lyt ) pl5y) duglie
Compare of varieties in flooding condition
87.110 4477.20° 4705.00°
AE121 5695.40% 6110.00%
sy by 3 pld| alie
Compare of varieties in underneath condition
87.110 3706.50° 3633.33°
AE121 4768.50° 4247.00°

w3 9 QB HE Tyl 3 Gislejl 95 33 O o 3,5,15 duglio —A Jgun
Table 8- Comparison of water efficiency in two experiment under flooding and underneath conditions

' _ Jol hale] P93 izl
] Pran D Gl First experiment Second experiment
ol gy Amount of water ole 1,5 T 1,5
inati consumed IR i T e et
Irrigation method ) ' > 3 Water efficiency _ > 8des . Water efficiency
: Yield (kg.ha™) (kg.mha'l) Yield (kg.ha") (kg.m3.ha?)
FI(:)lZ)iin g 13300 5069.84 0.3811 5407.50 0.4065
ey 6850 4223.13 0.6165 4140.16 0.6044
Underneath
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Introduction

Rice is the second most important cereal in the world, and it has the highest water requirement among grain
crops. Applying different irrigation methods is necessary in order to determine the best method to achieve
maximum yield. Therefore, in this research, the effects of flooding and underneath conditions on chlorophyll
fluorescence and agronomic traits of rice have been investigated.

Materials and Methods

This experiment was conducted in 2017 at the research farm of Gonbad-e-Kavos University. Two
experiments were designed for agronomic and photosynthetic traits in flooding and underneath irrigation
conditions in order to investigate two genotypes 87.110 (line selected from mass populations) and AE121 (an
aerobic line). The first experiment was combined in two separate experiments (flooding and underneath) and 18
replicates. Given the uniformity of the ground, the base design was considered as CRD. The second experiment
was conducted to compare the performance of irrigation methods and cultivars with the first experiment in a land
with a greater area (100 m?) in three replications. The germinated seeds were transplanted to nursery on 12 May.
During the stage, care was taken in the nursery, such as irrigation, fertilizer, aeration and weeding. In this design,
the distance between the plots was one meter and the distance between the blocks was two meters, so that the
adjacent plots had no effect on the moisture content. Transplantation was carried out after 3-4 leaves with the
selection of healthy and uniform seedlings on June 20th by 20 x 20 cm spacing and three seedlings. In the
method of flood irrigation, the land was prepared as usual. To prepare underneath irrigation treatments, each plot
was removed to a depth of 40 cm and porous clay capsules were used. The irrigation system consisted of three
main pipelines (the number of irrigation treatments), one valve head and one volume meter installed on each
main pipe. The main tubes were spread along the floor and the water needed for each treatment was taken using
16 mm tubes at the beginning of each plot. By placing the pressure gauge at the beginning of the pipelines, the
system pressure was modulated in the underwater irrigation system. At the end, the agronomic traits and
chlorophyll fluorescence parameters were measured.

Results and Discussion

The results showed that in the first experiment, the maximum water use efficiency was related to underneath
conditions. This result was also repeated in the second experiment. In terms of flooding, the amount of water
consumed was 6540 units higher than underneath conditions. The amount of water consumed in flooding
irrigation was 864.71 and 1267.34 units more than underneath irrigation in the first and second experiment,
respectively. Differences between irrigation treatments and cultivars were significant in most agronomic traits
except length, width and area of flag leaf, yield, total weight, number of infertile panicle and main panicle
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length. Also, the effect of cultivar and irrigation methods were significant on chlorophyll fluorescence traits
except F'and Y (I1).

Conclusions

The results indicated that most of the studied traits in the floodwater irrigation conditions were better than the
underneath irrigation. The yield was also higher in underneath conditions than in the case of flooding conditions.
The results of analysis of variance of both experiment in the studied traits showed that there is a significant
difference between flooding conditions and underneath irrigation and also between genotypes under irrigation
conditions. The mean comparison in underneath conditions also showed that the AE121 genotype has a higher
potential under both conditions and can be recommended for high yielding.
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