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5- Pyrolysis

6- Azospirillum

7- Plant Growth Promoting Rhizobacteria
8- Rhizobium

4- De Martounne
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1- Semi-Dry cultivation

2- Alternate wet and drying

3- Combining shallow water depth with wetting and
drying

4- Biochar



Vord min o ol ososte G aS Ly 9 0, SMas 1 g dad ol g i (6 1S 9 sl anls oy

Va9 lile)S 59 Jbie Sl S 5 greljiisnS Al pe oS
(Sl &1 035 3135 SanS L 15 35 S b el
Job 4133 0)55 o 3 (208 dlge $U g sl ) e
PSS T Sl Ce by i Blw Vo F Jlab g e Ve
Olyoss 5055 10 dlge Bilo loj il b w1585 1,8 el
o Jled dlgo 3o g (womadi a3 V0 LA jl)ls dn g
0s5b55 sloyi> b ol dlge gl Syt 5 (s 5 O by
PU ad 9 96 bl gl 025 bl 5 bl o Wb 4
(Y Jga2) (0A) €85 plosil (8 bglsee S 3 el

) 03 dlxo (e 0 0j9l 5 )l 355 ()L Sl
S8 gl (V) () Joa) opsl )l ) ST gl ol
oo b bglsee (950 g ISy )5 a5 g 0k 1> g e &5
o3lat sl (V) sl (ol o) 31 gl ol b slo ) S5 (ol
@ kB g Ve gl 4 (wisgn Slodlyd > gy nl 2 w08
©)go & badlgl 9 035 skl 3b; Glaglygw (Sp e b epto b
CitS | G dlg) (g 590 4 Ol 3gi () wiral s Seiie
Culi g 39290 (Y 9 5 (oloF (g 9 18,5 )13 b )S po lalis
b bl obr S sl o5)S aulss S b alg) s il
I ey J3 ol ma s lime e iShs i oslix !
o Soge 39 a8 g g il dlig) b)S ) ead aslis
oxd pbl (o)l ¢ o pl (ol (hg) 0ad i pai oo (bl 2 g
Il s 30 (6399 ol (g pS o3l (el 5,5 cilaal )] Hlade
oS byl S5 lslge 4y sl b slady) Wyl S5 sdam Jobo jo
oot o8 sladlgd )5 10 LS )3 adlg) I SG 2 59y 2 g A
Oype 4O pa ol dg I, ol a5 cd)5 )5 asls b L
IS5 o as Lol dgl o gl o cpimen 2,5 0 Colia s
258 35 4230 (8399 )3 b 03lS 48l 4 S 35 0 ()l
Iy deie JS 9 LSS, oa By Of lin b cé )5 15 O
olS slaai) b (681 (Jiale sl 3905 dloxe g (5 S0l
sz &l 5 Sp YUY EE o e glal s bl @y
s o 8)S )3 9 g S )50 ol j5bo 4 Laaiiy
ol 1 Ve ol g Gt 3l 4 s g0 ol ) (e e
3 0a 4) posdnd el gl 6 55 aledly 1) S olyan
o3le 5l 510 olyen 4y 392 0 b iy (2,8 SB g o dinge
S Olise Gl 6y (CMC) ol Juto (—uS'9)S
blas bl ;0 .0ad 0ald Hl,8 dddd Ve e & Ay & oS
oLl 5 Sl 5, Slos (6 pSejlulad ooy Jisl Lol e 4
)8 b L@ o )lez 5l g culd b (9, A0) A3y Juab
F5) 05 (6503l 1o pd VY Casb, b

G ol 5L osd S5 EMSbe ilS (gl sws e IS8,
slagtyy » ol Byme gygope e o oo ool
s g8 5l olital 5 (gylol g, i Alox Sl e

ol ot w8 iy o T

Ly, 9 2lge
b @lio 9 (jygli S pole oBLiD (as )50 53 SimgR
0P 9 (Fr—b ABB W g a2 3 OF oLl Jsb b oyl
Sl ;e 3 glasyl g Jla b 43 B> FY g do 0 V& oLilyas
2o & oilegd canail wlwl p o sl oll by e
ool lon JS o l5l) 1ab e (sl ode a8l (el il 5yd
Sl Gogo 4 AY 5 WAS elyj Sl 90 )0 (5l liw!
wdy 8 Il (Bolas JolS slaSol sl B p3 0 35 )b 9
93 3 65kl ogud (ol Jole g o s oyl 25y o3l | 3y90
63 535 agi 28 Jole 5 sl ()bl 5 CBe ()Ll o
Joi2) SB opsasl bl 2 00 o) (395 2oy Vo s
+ Gar 2o Ve gl e+ ey e pd Vee (V) (()
VO Glgl (5 Ve + oy daopd Ver (LS ) sl o )
Ol o5 Ve + (g8 b VO Gl g + (fgsks Mo
O F OJ9 R Ao 00 Gla gl (B Y+ (g Ao )3 VO
Vot Gies 2o yd 00 glagl (5 Ve F ey 2oy B0 legls
s pale @l g e Jele gl gl
ile b g Lis b Siale oot o 930" on S el s o
2 plosl o pus ety Jlo 93 )3 9 1S5 Y 5 talesl g Lis
3 b stagsls Yo b+ Sas 31 S (clo &i505 olo cudgrsy) bl
(hedS Ao o)l w5l Sl o A5 485 (e (g5l 0Ll
O} 3 b Ad w9 bl (93,5715 g (23 J5) sl
YXE sl ) WS o s S 5 51 lisobo] (gl A ool
5355 ol et | (ySsle ly onizen g oo b (0 e
9 04— (Sohl i Sy (st o o U S e dags ST
20,5 oabel (6,80 (gly g A len

2l gl Ghy,
g bl Jold (lole adgl dlge slonl Mg (ol bl
Ao b Ca g D (A wd 9 4td () QLS
a3 3 ll )3 sk dlge csilonn bl yd 5> (28 4 sk
el ¥ Sdo 4 D990 Ol s Cas oo 453 V) e &)l s
VA Ol de g poel wl Gl & o w A58 S l\8
m STy s 03l 51,3 )38 dlge (58 gy sl g o

1- A. lipoferum



AR o0 — 55T olos FF alor (S g T 4,25 Voo F

SB Sluogas - Joss
Table 1- Soil charactristics
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Table 2- Biochar properties used
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1- Split split plot
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Table 3- Combined analysis of variance of split-split plot design in two years
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. ay?
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(Year* Fertilizer* Bactria)
S x 395 x5l ognd " - "
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S5 Lx 395 x (g lul g Jlw .
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(CV) Ol yuts oy o 8.11 0.876287 9.003233 9.002323 10.73862
bl oo (392 I gizme puf (Gline NS g ao)d ) 5 o> O Jlain] o 5D (09 45 gime odiad LS Gy & s g %
*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant.
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Table 4- Mean comparison of the interaction effect of irrigation method, fertilizer and bacteria, fractional cut according to
irrigation method for rice yield and CPD

@yt 3)5ee CPD
95 Rice yeild Kg/ha
Fertilizer . 3 i ) - 1
LN sl ) s ] R
(Flood irrigation) (slternative (Flood irrigation) (alternative
g irrigation) 9 irrigation)
09N SSLL 09 sALL 09 ssLL oM &SLL
SR it sy (A ey (A sy
(No bacteria) (No acteria) (No acteria) (No
bacteria) bacteria) bacteria) bacteria)
o Slagr b0 g pw
Pt A QNP ) ) -
(Nitrogen 50+ 0 2755.261  4952.51° 125845  3122.68" 0.3033  0.5439¢fg 0.19371  0.4858"
Biochar)
Veologlroe oje % ) _
(Nitrogen 50+ 10 ~ 3133.84Y  4838.01° 3939.50%  3839.41% 0.3606k  0.5577¢%fs 06518  0.637°
Biochar)
Yo logaliroe (y5g 0
(Nitrogen 50+ 20~ 4964.61°  4404.82% 5330.78°  4756.24 0.6089%¢  0.5403¢™ 1.2408¢  1.1069"
Biochar)
+ )bV g i ' _ _ _ |
(Nitrogen 75+ 0 40977 3330.59" 3400.82%"  1962.51' 0.447N 0.3671k 0.5229" 0.3073'
Biochar)
Vo lag Vo yje i
(Nitrogen 75+ 10~ 5494.30°  4290.36°f 3410.79%"  4400.78™ 0.6368*  0.49699" 0.5662  0.7404°
Biochar)
Vo logabaVo (59,0
(Nitrogen 75+ 20 4727.90%  5959.432 5457.84%  4036.86 0.5857%  0.73692 1.2891%  0.9684¢
Biochar)
el e ook | __ |
(Nitrogen 100+ 0 3706.659"  4625.17¢%% 2346.94  3390.99%" 0.4105Y 0.5072fgn 0.36461  0.5302¢h
Biochar)
VoolegaleY e 395k
(Nitrogen 100+ 10~ 4947.05°  4269.35¢ 3774.35%"  3571.45¢0 0.5737%%f  (,4983% 0.6308¢"  0.6054¢"
Biochar)
AAPLF LRSI
(Nitrogen 100+ 20 4132.94F 555451 3241.70%"  4610.81° 0.5123fh  0.6931%® 0.7672¢ 1.0852°
Biochar)

ol 2oy iy Jlein] g 53 I3 dme (6 bl gl 3905 0dimd i wir LS gt 93 b 40 e g b (sla Sl
Means with similar letters in each two columns, are not significantly different at P<0.05 level of probability.
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Table 5- Mean comparison of the interaction effect of fertilizer and irrigation method on used water

(Used Water) m3/ha ouwd b pmae o

395 B b

(Flood irrigation)

Fertilizer

TR

(Alternative irrigation)

Sglroenie 9100 gpa 6454.422
(Nitrogen 50+ 0 Biochar)
Veslenlioegior  g7g1 785p 6038.58"
(Nitrogen 50+ 10 Biochar)
Yeslepbt0epjors g1155g¢ 4297.42¢
(Nitrogen 50+ 20 Biochar)
* )l grlit Vo (5o s 6450.672
(Nitrogen 75+ 0 Biochar)
Yo e btVo gy 8634.5¢ 5985.83
(Nitrogen 75+ 10 Biochar)
VoolaliVoojems  gogo 75 4201.25°
(Nitrogen 75+ 20 Biochar)
leabrVerniss gg75.05 6417.922
(Nitrogen 100+ 0 Biochar)
Veoleglidee o gog7 97c 5941.83°
(Nitrogen 100+ 10 Biochar)
Veslebiderojed gogg 5o 4234.83¢

(Nitrogen 100+ 20 Biochar)

el oy gy Jlasl ans 50 )l ime (gylol cglis D95 oaimd LS ygiw pa )3 alie By b cla pSle
Means with similar letters in each column, are not significantly at P<0.05 level of probability.
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Table 6- Mean comparison of the interaction effect of fertilizer and bacteria on used water

(Fertilizer) 3¢5

(Bacteria) ¢ sSU

(Used water) m3/ha suwd < pae o

s lapbroe (5o
(Nitrogen 50+ 0 Biochar)

Ve Jlgrlero e (3o
(Nitrogen 50+ 10 Biochar)

Yo jlalieos ik
(Nitrogen 50+ 20 Biochar)

+ )l ltVo 5oy
(Nitrogen 75+ 0 Biochar)

Vo lgbeVo e
(Nitrogen 75+ 10 Biochar)

Yo logaliVo (59 0
(Nitrogen 75+ 20 Biochar)

©lrglee) o3
(Nitrogen 100+ 0 Biochar)

Veslagalird e v oo
(Nitrogen 100+ 10 Biochar)

AN
(Nitrogen 100+ 20 Biochar)

&S (9 (No bacteria)
55 b (With bacteria)
&S 9 (No bacteria)
55 b (With bacteria)
&S (9 (No bacteria)
55 b (With bacteria)
&S 9 (No bacteria)
538 L (With bacteria)
5L ;9 (No bacteria)
558 L (With bacteria)
5L ;9 (No bacteria)
558 L (With bacteria)
534 9 (No bacteria)
53 L (With bacteria)
534 9 (No bacteria)
558 L (With bacteria)
& 5Sb 9 (No bacteria)

558 b (With bacteria)

e ol
7788
7769.33
7367¢
7353.33%
6226"
6227"
7839.332
7726.33¢
7329.179%f
7291.17%
6151.5'
6122.5'
7734.83%¢
7758.33%
7303.67¢f
7235.33¢
6143.83!
6132.5'

ol o> gy ozl ans 50 )l ime (6ylol Cglis dgu5 oaimd U5 (gt ya > lie By b (cla pSSle
Means with similar letters in each column, are not significantly at P<0.05 level of probability.
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Table 7- Mean comparison of the interaction effect of irrigation method, fertilizer and bacteria, fractional cut according to
irrigation method on BPD and NBPD

BPD NBPD
=858 sl TN LI 3l sl
35 (Flood irrigation) (Alternative irrigation) (Flood irrigation) (Alternative irrigation)
Fertilizer BYRY g - -
( ) T o ey T o ety
s (With st (With el (With st (With
(No. bacteria) (No bacteria) (No. bacteria) (No. bacteria)
bacteria) bacteria) bacteria) bacteria)
+laglror ik _ _
(Nitrogen 50+ 0 18197 32636%0 11621 29149" 11600* 26050% 8520.14i 25241f
Biochar)
Ve sleglroe ojg _ _
(Nitrogen 50+ 10 21638%  33464% 39109° 38217° 135821k 25395% 349511 33220%
Biochar)
Yo lasliror o3
(Nitrogen 50+ 20 36531 32417°%9 74450° 66412 26721 22607°1 67412° 664122
Biochar)
gl Vo 1k A A A ) .
(Nitrogen 75+ 0 26823" 22026k 31318%" 18436/ 20275%" 154071 18956" 13924'
Biochar)
Vo sl alitVo oy5g s
(Nitrogen 75+ 10 38208 29811% 339740 444221 30096 217081 25617 33435%
Biochar)
YeslagalrVo g i
(Nitrogen 75+ 20 35145 44216 773447 58106° 25229¢% 34309° 58159° 43773°
Biochar)
*largalkY o v (5o 0 ) ,
(Nitrogen 100+ 0 246271 304321 21877 31811% 17984" 2385201 14735 21265%
Biochar)
Yoo leglrY e v 9%
(Nitrogen 100+ 10 34422040 20896%" 37845 36323 26305¢ 217281 25328 24437%
Biochar)
YoslagaleY e e i sh
(Nitrogen 100+ 20 30738%" 41585% 46031¢ 65112° 20822%" 31603 30857¢ 43717°
Biochar)
ol sy ety oo s )3 o sine (6 )lel Coglis 2955 0simd (s o SIS (ysis 93 0 )3 e By | (sl Silio
Means with similar letters in each tow column, are not significantly different at P<0.05 level of probability
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Introduction: Rice is a staple food source and the most important grain in developing countries, which is most
commonly consumed by more than 90 percent of the world populations. Moreover, this plant is produced and
consumed in Asia. However this major crop faces severe limitations such as water scarcity and other environmental
stresses. Limited water resources along with climate change effects, have increased attention to methods which
improve water use efficiency in crops such as rice cultivation. On the other hand, traditional irrigation methods for
rice production often waste considerable fraction of irrigation water. Therefore, it is necessary to modify irrigation
and other farming methods. Furthermore, using biochar and nitrogen fixing bacteria as organic biofertilizers can
be effective methods to improve water use efficiency and yield attributes of rice plant. Therefore, the present
research was conducted to investigate the effect of biochar and Azosprillum lipoferum rhizobacteria on yield and
water use efficiency on Tarom Hashemi rice cultivar of under flooded and alternating irrigation regimes.

Materials and Methods: This study was conducted at the research fields of the Sari Agricultural Sciences and
Natural Resources University in 2017 and 2018. The experimental site is located at 36° 39'42" N latitude and
53°03°54" E longitude with -11 m above sea level. Soil samples were taken from depths of 0-30 cm before land

preparation. The experiment was done in factorial split-split plot arrangement with complete randomized blocks
based design with three replications. Treatments included two irrigation management methods (flooding and
irrigation regimes) in combination with nine fertilizers levels (100% of recommended nitrogen or N100, N100+
10 ton biochar or biochar 10, N100+ biochar 20, N75, N75+ biochar 10, N100+ biochar 20, N50, n50+ biochar 10
and N100+ biochar 20) as main plots and seedling inoculation with Azospirillum lipoferum bacteria (without
inoculation was also included as control) as sub plots. Plot ridges were covered by plastic sheets and inserted into
the soil at 50 cm to prevent water flowing from one plot to the others. The plots were then leveled and 3-4 leaf
seedlings stage. A specific number of seedlings were gently washed and placed for 30 minutes in a pan containing
10 L of water mixed with 1 L of bacterial inoculum. Carboxymethyl cellulose, 15 g, was added to increase adhesion
of bacteria into the plant roots. Nitrogen, phosphorus and potassium fertilizers were applied according to the results
of soil analysis. Weeds and pests were controlled mechanically or by hand and no herbicides or pesticides were
used.

Results and Discussion: Results showed that biochar and nitrogen fertilizers, irrigation methods, and seedling
inoculation with bacteria had significant effects on water use efficiency indices. Comparison of means of
interaction effects showed that the highest paddy yield (5950.43 and 5330.78 kg/ha, respectively) were observed
by flooding irrigation method in combination with N50 + biochar 20 treatment and inoculated by Azospirillum
lipoferum bacteria and alternating irrigation management method which was along with N50 + biochar 20 without
inoculation. Alternating irrigation plots experienced water shortage in some growth stages and therefore slightly
lower paddy yield is acceptable. Application of biochar 20 and flooding or alternating methods which treated by
N75 and N50, respectively showed 49.1% increase in economic efficiency index.

Conclusion: In general, application of 20 ton biachar along with 75% nitrogen fertilizers led to 42.8% increase
in economic advantages in alternating irrigation method as compared to the flooding systems. These observation
indicates beneficial effect of fertilizer in economic advantage enhancement in rice cultivation.
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