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EFFECT OF DEFICIT IRRIGATION AND POTASSIUM FERTILIZER ON GRAIN
YIELD OF SORGHUM
N. A. Mutlag* ’F. A. Kadhum Q. A. Saleem
Researcher Assist. Prof. Researchers Chief
Directorate of Agriculture Anbar - Ministry of Agriculture
’Dept. of Field Crops — Coll. of Agric. — Univ. of Baghdad
Agric. Res. Service - Ministry of Agriculture
ABSTRACT

Two field experiments were conducted during spring seasons of 2012 and 2013 on the fields of State Board of Agric., in Abu-
Ghraib, to study the effect of deficit irrigation and levels of potassium fertilizer on yield and their components of sorghum
(Sorghum bicolor L. Moench). A split plot in randomized complete block design was used with three replications. The four
irrigation treatments: full irrigation (T1) and three deficit irrigation treatments, holding irrigation on non-consecutive
irrigations during different growth stages (T2, T3 and T4) were allocated to the main plot. Whereas, the subplot were used the
application of potassium fertilizer (0, 50, 100 and 150) Kg K.ha™ as potassium sulfate. The result showed that full irrigation
treatment (T1) was significantly superior in all studied traits: No. of grain per plant (2715.0 and 2656.0), weight of 500 grain
(12.55 and 12.34) gm, grain yield (4.540 and 4.366) t.ha™, biological yield (16.80 and 16.66) t.ha™, harvest index (27.24 and
26.24)% and protein percentage (13.92 and 13.61)% for two seasons respectively compared with other deficit irrigation
treatment. The potassium fertilizer levels had significant effect in all studied traits; the level 150 Kg K.ha™ gave highest mean
for: No. of grain per plant (2695.4 and 2684.0), grain yield (4.301 and 4.249) t.ha™ and biological yield (16.05 and 16.13) t.ha™
for two seasons respectively, and protein percentage (13.48%) in the second season only, while the level 50 Kg K.ha™* gave
highest mean for weight of 500 grain (12.31 and 12.01) gm for two seasons respectively, and the level 100 Kg K.ha™ gave highest
mean for harvest index (26.70 and 26.52)% for two seasons respectively, and protein percentage (13.76%b) in the first season
only. The interaction between two factors was significantly in all studied traits.

Key words: Sorghum, grain yield, protein percentage, water stress.
*Part of Ph.D dissertation of the first author.
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1147 | 11.48 1149 1164 1129 T4
0.10 0.18 %5 o<
1187 11.90 12.01  11.67 | lugal
0.09 | %5 sl
Ggall Juala

el Lgins g T1 () Alelaa of 5 Jsanll (e caai
Ua.gh 43665 4.540 il Gapall Jualsl laugia
elae e %21.08 5 24.90 st chaly 4 5ina 33055
3.635 s daall Jif Unugia culae) 3 T4 Lalill (o))
Ualeo (3588 () iy e amssal a5 3,606
sl de Lo ) s gall Juals 3 T1 )
oan b Ll algaY) Ll e Slms (3 Jsaa) clally
Canall ChaasylSI Galdl palias) sl 53 dabal)
& Aniadll 483 Mpdl 8 sdiae (amliaily JSad)
A(15) osSall Aaall Al (ol Cuaddl ) aialls jaadl
o (40) ossals Warrick gl aa dagil) oda i)
gl Juala (6 Lsine OIS Sl alea) 5l o s
Al je b 4isan Lld gpmdl) saill dlaje 8 G Laie

lajlajl (8 coadll Zaws o 350 Al dushayy o gualisal
=Bl (o) Alaleay 43)lae lally agaall dac ol & (e
(31) Mushawer gt ae dagill o2a il ((T3KO)
(Aiall dadl e %80) Al slea¥) o G s
dalall o Lalally Qgall de 8 (goina (alids) ) s
e i psalisll Cligsines (o)) COlalae G (g5inall
Gligiser asulisdly o)l olanll 5l Llaia) A

4a 500 o)
@) cBlalaal (ggina il 3pa5 4 Jsnn @l (e By
Opansall dn 500 (s (b (emlisll slawdl Cligiea
& @) COlalan G (gsine A 25as Jsaadl e iy
(T1) el (o)) Alabaa < g . Cpaansgall SIS Ziall 038
8alhas e 12.34512.55 ilidan 500 (ps) Janssia ey
T4 o)) illae e %7.598.94 g <y dygine
11.52 &l de )3l ansge MS 3 8 Unsgie cilae)
500 s o TL (ool Alabaa (358 (o) ooy o 11.47
485l dalud) 3 Allaall @l lils 358 ) a5my A
Ssosl Jiall dulee ilatiia3aly) o (g Jidg)sISH 5855
8al) & (pes casanl) e ia) 3005 g Jlad JS8s Cangd
& ) A6 aaliay Sl (gginall 8 aliail gl ol el
aela aS)is saall Ble s Wi Canaia () (535 Lee LA
Chlaaly el oSe) i gl )
OsoATs TUrner ae dsiall sda <iad) .(34) adlsis
oo Ledys 8aliys sl ¢l sy of slaaY o3l (38)
b (gsine O] aag LS L calinll slealy LG Jalyal) ]
Opamssall AS 8 aligl) sland) Cilysise il dacall o2
23S 50 (ssindlly sramsdl)l lilall culae) 3 (4 Jsan)
o2 12,01 512.31 iy da 500 335l Jamssia Jef 72K
Ailae e %2.915 4.68 lgwws ialy dogina 330
11.76 s daall haugia ol cilae) ) (KO) 43kl
38 O -l Gpessall La 500 i a2 11,675
oSad) lally gl de 8 TAK a8 150 g5t
G s leys Ay gl oD mliny) 8 L
Alebeal) 038 e o gl sal) Plitias) 3 culall 56 i€ alisy
O Al sai mllial Jhall dlee calatie Jiiy a3y A
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sl Jaladl
53y 8 Lugine ol (i) 3l < Malase o 6 Jsaall oy
ealusil) il yie gl (gpmal) g penall Gilall 30
el cian 3 Auhall ause ATy (sl Jualall)
19.62) cualy T1 (o)) ilalae die dysina 33l 4w
@M Aaee e %(11.425 17.26) T25 %(9.44 5
e Ayl 3 Bl gl () il (ppans 5all T3 (il
Jalall (min 8 Lili ST oS s %50 ol
S Al je (o alil) (gl Alalaay Ajlia clall LU
o=l (g o ) ) (5hans ¢(T2) Gladl ) Gl
Ll pad (s Al B gkl ssinall pali (& i
SlgaY) Griumas 4o iy Clall Guia o ey 1385 o)kl
Ay ladie sy Al saill dls je e Slad cdgpll Sl
i ae dagill oda il L(23) algaY) s Jshs
vie gaill C¥ame (amlias) sy 3 (41) Westgate
SV asmalisd) dalia) L Sl algadl) clilall (o pes
B bl sl Jualall 3 gsie il Gilaa)
sl danigia el o) (6 s3a) Opamsall STy o Lian
sl Ll 3 3Ea3 28 aludl) poail) ve Cilal)
Ua.gh (16,135 16.05) "a.KaiS 150 Gasiasally
oy gl a ol (15995 15.95) a.Kass 100
Ul dland) (e (i sinnall a2 G Aysine (58 a3
Llie bl ewgdds clilall aslll) Jualall b
14.59) dauall baussia Jif culae ) 3l (KO) ulil) Alelang
o sl il o) LGl Cpensall A o (14.46
GLLEMN shint DA (e ol saill Glica 32l
dlee 5e LS Baly) b oyen SISy LAY & il 5Ly 5 4yl
clall b sl SWI ) aasls Qs Ssa<) Jhadl)
oSl Sl b Aplad) dypad) Glleall (e AT oha
e Al o i) L (13) olall sl Jualadlsalyy
Slendl ALz} o () ) 1o 0 (75 8) spaT il
e @l (uSaily Al b agiala saly () ) oulisd)
) 6 Jsaall il Hul . lll gaisaly)s dde paiiaall 30l
Slandl Gligiuag ()l SOl G (gsima JAID d5a
T1 ol Alelae cilans 3 a3l amse DSI5 ulisd)
Lssie Jef (K2) 7o LK 238 100 gsinsd) il cuns

Juala g Lgine oulisd) slendl Cligie il . il
HA lbils cudael 3 (5 Jsan) Cemsall STy snl)
Lagia el TaK 23S 150 (gsiually s2amd) oliayll
Lisinasalins | 2.0k 4.249 54.301 &l sl Jualal
50 ilalaall Bl e %1.01 51.01 5 6.00 L cazly
s 5insally s ransall UL e %1.89 59.40 5 8. K axS
e caly g il el TaK a8 100
S5 (KO) 4l il e %28.95 5 25.54 1l
Ua.h 32955 3.426 iy daall Jaugie ol il
150 ssiall die Cigall duala 3245 ) - 22lE80L Cpan sall
230 33l A ol sl el 530 Lulas) e la 1 KGaiS
Cofinly ol e Al o34 i) (3 Jsaa) calally Cagnl)
Alend) A8l sl Juala  dysina 325 lpany il
A (85 4) ehaally clanll Al Jpanal sl
Lisine aslisall sl Cilygianas gyl cDalas p Jalal)
a3 ¢S dsa) Gpamssall S S Gpall Jials
4960 il dsall g el TIK3 dlled) iy
el il ge Gsina alias W15 Taloh 4.697
Lassia 3l (TIKO) d3jlial) clbily calae ! Lay (T1K2
Lsina 3ol 211 3.803 5 3.690 il agenll Jualal
Osansall %0.895 1.27 cily V) dabedl) mllial

el
s Juala (B aligd] slaadly (el o) 80 .5 Jgaa

sladl 5,4 (A o)

2012 powi e
j gl dlacd) il glosa clalaa
L giall Ay ?

il K3 K2 K1 KO N
4540 | 4960 4.923 4587  3.690 T1
4172 | 4410 4487 4240  3.550 T2
3.965 | 4.007 3.870 3.683  3.220 T3
3635 | 3.827 3753 3717  3.243 T4
0.016 0.046 | %S5 a.cdf

4301 4258  4.057 3426 | lausial
0.026 | %S5 a.cil
2013 pwisa
. gl Mlanad) il glna B lalaa
b @

il K3 K2 K1 KO g N
4366 | 4697 4690 4273  3.803 T1
3.934 | 4247 4153 4003  3.333 T2
3.697 | 4090 4.017 3630 3.050 T3
3.606 | 3.963 3.837 3.630 2.993 T4
0.054 0.100 | %5 auh

4249 4174 3884  3.295 | sl
0.052 | %5 p.di
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UK 23S 150 5 100 G sineally saamsall clilall calas
asssall %26.69 5 26.70 &y slasd) Jial hasgie e
il cpilabeall B agall %26.44 5 26.52 5 JY)
L Caxly dygine Balihyy dasine (958 Lagin OS5 Al
e bl ge %15.965 11.93 5 %13.62 5 13.67
3 clae ) ally il pans gall (KO) o sl sally 5 rassall
Opemsall %22.80 5 23.49 il sbas)) (4N laugie
1505100 (g sinsall die sbasl) Jals dadsal) ) - il
ozl dae 53l b (gsinall 0yl LulSai) o la 'K a8
Lea (5 dsa) sl duala 3L &5 (05 (3 J ) bl
e Aaiil o3a i) L alias) Jidy e il L Llay 3
Slandl a5 g ) (8 54) 03 AT (sials @il
Apgall e Landl 5,30 cubilal slaall Qo Aed 8 aslisl)
@V EDalas G (sine JAIS 35a5 7 Jpanll il gl
3 ¢y sal) DISTg Aol o3a & asligall el Cilysina
23S 150 (s 5imsally s2amsall (bl (o)1) Alalaa chlil i
28.63 il slasll Jidl dad el (T1K3) "a.K
ol () Alabee il ge Lsina cudlialy %27.12 5
G (TAK3) caslipdl dland) (e 4 (gginnally 320msal)
%25.27 5 24.40 & slasll Jdal Jaugie ol Calae)
LS iy panssall %7.32 5 17.34 <ol 50l dasias
24.04 ke ) TIKO dlebeall il e Uy yine ilis

Ll s sall %24.79
aland) Jda A ealisd) Sladly paBUY g5 85 .7 Jgaa

slanl) 3,0 (%)

2012 puse
. wﬁ‘”ﬂ Aland) &l fla .

B sial K3 K2 K1 Ko | €N ok
27.24 28.63 28.27 28.03 24.04 T1
26.12 26.50 27.31 27.13 23.53 T2
26.10 27.22 26.73 26.74 23.71 T3
23.86 24.40 24.47 23.90 22.66 T4

0.61 1.07 %5 a.d.|
26.69 26.70 26.45 23.49 Lo giall
0.55 %5 a.d.|
2013 puge
R (ol gal) Sland) il g .

Lastal K3 K2 K1 Ko | @k
26.24 27.12 26.93 26.11 24.79 T1
24.88 25.60 25.30 25.62 23.02 T2
26.20 27.79 28.23 26.34 22.47 T3
23.78 25.27 25.61 23.34 20.91 T4

0.59 0.90 %35 a.d.)
26.44 26.52 25.35 22.80 o gial)
0.44 %35 a.d)

Rasisy Tk 17.485 17.52 & asdsll) Jualal
oailll gl Aalee e %19.915 18.24 caly saly)
Aol Clyy) cpa (A ((T3K2) and (gsimalls 0mall
Lt Alalaall il 4580 %23.15533.05 ) Juatl
Lassia (S clas Al (T3KO) psslislly saansal e
el Cpaanssall 1A la 13,64 5 13,17 &l dacall o3¢
Sl A culS T1 gl Alelas of ity Jsaall 35 (s
el Clsise gpen il cas T3 il (o)) Alelas
8l g ladl A bl o elld (e cpiy sl
dshyll Cagyls cand sl slendl Dlai) 3 4lle

Al Ball e (Sae 5 ST aands Aaliall
Jalall b oalisd) dlaadly aBlil) @)l 56 .6 Jgan

s L) 3,3 (1. o) aslsld

2012 puse
gl dlad) il ghesa EDlalra
Lo giall LN ?

S s K2 K1 KO ¢
1680 | 1750 1752 1659  15.58 T1
1576 | 1642 1643 1524  14.93 T2
14.04 | 14.82 1461 1357 1317 T3
15.14 | 1545 1523 1520 14.70 T4
0.35 0.43 | %5 auild

16.05 1595 1515 14.59 | la gl
0.18 | %5 ailf
2013 puise
gl dlacd) il giena EDlalaa
Lo giall LA ?

S ks K2 K1 KO g N
16.66 | 17.35 1748 16.44 1538 T1
1583 | 16.68 1649 15.65 14.51 T2
1421 | 1478 1458 13.84  13.64 T3
1527 | 1571 1541 1561 1433 T4
0.22 0.47 %5 p.cd|

1613 1599 1539  14.46 | sl
025 | %5 sl
Alaall Juda

fad Aol ligina g ST (g Alelae o 7 Js2al) G
%26.24 5 27.24 &L dcl3l amse b dlasll J
il Aaall o3¢l dad Jal culae | A1 T4 () Alelasy 43 )lia
@ Alalas (3585 ) »aliilly Cpranssall %23.78 5 23.86
Gl duals (L858 ) 90 38 sleasd) Jils b ulal)
(3) Ahmed zilis ae 4siia dagill 38 Cela (5 J2n)
) gl Adliie Jalpe 3 aBlill g 530 ) sl )
de e o e dbaall B dad (aliss) 48 clayl)
lan) ) ol sal) dlanad) il giane ) L JolSI) () Alelas
3 (7 Jsa) Camsal) S abeanl) ds b gsina il
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o Ll )3 Cugon B g pal) s (8 (gime il s
A 3 Ay gimasaly) dllin o 8 Jsaad) (g eaally 3) ¢y saal
dagd el cilass T (o)) Alalre il casand (5l
23S 1505 100 solawd) (ssisall ye Allaiag ddall
SSI (%13.945 13.945 %14.335 14.33) "aK
oe %6.33 5 8.73 cualy 3al) duuiyg el Cpaans gall
& Al Lo like) ol TAK3 5 TAK2 iileladl)
=) TAKO dldlad) cilils calae WS L optig pll 4
Aland) (yilaleall %12.95 5 13.04 &Ly ddall Jaugia
el ddlia) o Cand) 138 (pe gt Ll pan salls
sang) 2 Uy dielime b olagl 50 4) G Ll b
i die Salall agnlisdl sal) DA e @lldy dalual
aial) g bl dlae) e 25 8508 (e 3l Las Gyl
& el JSh il Lae 4] bl dalag 00D Lay (gaad)

Ao sl ety Al 3ol o5 ey Slall g

Lo (B alisd) Slacally Bl o)) L0 .8 Jgan

s Liagdl 3,31 g (b (%) Oignd

2012 puise
. o) alanad) il ghasa Elalaa
b ) [Tt -

- K3 K2 K1 KO ¢
13.92 | 1433 1433 1371  13.32 T1
13.88 | 1426 1426 1368 13.31 T2
1320 | 1311 1327 1323  13.20 T3
1313 | 1318 1318 1311  13.04 T4

0.02 0.03 %5 a.d,|
13.72 1376 1343 1322 | Ll
0.02 | %S5 pd]
2013 puse
. s alamdd) il ghusa EBlalaa
T giall e

sl K3 K2 K1 KO A
13.61 | 1394 1394 1341  13.13 T1
1346 | 1372 1365 13.37  13.09 T2
13.10 | 1315 1312  13.07 13.05 T3
1306 | 1311 1311 1305 1295 T4
0.03 0.04 | 945 adil

1348 1346 1323  13.06 | Jausial
0.01 | %5 s
REFFERENCES

1. Abu-Dhahi, Y. and M. A. Al-Younis. 1988.
Plant Nutrition Guide. Dar Al-Kutob for
Printing and Publ., Univ. of Baghdad.

2. Adriano, J. 2004. Potassium nutrition in
North Great plains :News and views by potash
and phosphate institute Canada (PPIC).

3. Ahmed, Sh. A. 2007. Response of Two
Cultivars of Sorghum bicolor L. Moench to
Water Stress under Field Conditions. Ph.D.
Thesis, Coll. of Agric., Univ. of Baghdad.

La¥ 3 (11) Al-Maghribi gt ae dagill o3a )
V@ eland) 3,3 @bl wlisd) slendl ddla)
Gligise 330) ae dlasll dido (8 dygiee 3ol Jgeas
Al paiall diala salyy ) A o e 5 (AdlaY)
duala 30l o @ ey 4t paliaall 304 o uSad) Laa

claall Jaly 3l calal)

el (& Cpfig ) dpesd
Lsine it 88 T1 ol dlalas of 8 Jpaad) (e ey
%13.61 5 13.92 cialy gl (3 (s A el
& OBy Awd Ji cile) Al T4 @)l Alelay 4)lie
O ) -l e sall %13.06 5 13,13 sl casal
Sl slea¥) of (M gim (o cDlabae g oaigal) danss
@l pall & Al Jeasd il s e Ly
Ols i) Gl aShisy i) Jlaid g il
dae (B Sim Gliall P Al Gl aend
Calea¥IS A8 Lag i LS ) Ledpad cilagl)
3))se daf (e A Caill e 55080l culll ) €48 A inaY)
O 220 pe Aagil) o2a i) L(42) e Wl (0 LA (s5ina
OS5 Qi (& aaly Aysha)ll (el ) Tsaas () Gia il
shially e Liaul) H) Jgeanal (4ig ully Aiaa¥) paleny)
6 simsally Baansall LAl (f 8 Jsaall zil (s LS L(6)
& ool A el cidae) (MK a8 100) K2
G Ul %13.76 caly de )l V) pusdl 8 gl
S 150) K3 galawdl (sgisal) ae) 2 G anssall
A calialy %13.48 caly sy dws el (Ta.K
G clae) Al (KO) 4l il ce Lsina Glililadl)
Cpansall %13.06 5 13.22 caaly gaall d iy jall A
Sladl d8la) (s5inne Baly (g pall A 3L ) el
Nitrate syl basisi 8 asealisd) 550 ) aap 8 asligdl
) e sais NOg <l all Jisal & )90 41 3 reductase
Sl H0iS (gpae (asla ae oysy Ll NHj
gl 6 8 el e 2 A A (bl
QsAT Osinls il we Al o2 cuigin) L (21) clall Jala
A s (B gl A 8y sy 0 (75 8)
JR15 () L i sal) 2l ABLa) (g iann 530 po ¢ L
G mlisd) dlendl Cligiey @l Elalas G S

761



Q9] gl tha,

2015/ 763 -752 :(5)46 — 481 _all o) 311 a glal) Alya

4. Akram. A., M. Fatima, S. Ali, G. Jilani and
R. Asghar. 2007. Growth, yield and nutrients
Bot. 39(4): 1083-1087.

5. Al-Amiri, A. A. 2005. The Effect of Some
Sources and Levels of Potassium and Splitting
Its on Growth and Yield of Zea mays L. Merrill.
M.Sc. Thesis, Dept. of Field Crops, Coll. of
Agric., Univ. of Baghdad.

6. Al-Anbari, A. K. 2007. Harding of Sorghum
Seeds (Sorghum bicolor (L.) Moench) and
Their Impact on Drought Tolerance. M.Sc.
Thesis, Coll. of Agric., Dyiala Univ.

7. Al-Ani, A. A. S. 2011. Effect of Zinc Foliar
and Potassium Fertilizer on Growth, Yield and
Quality of Two Cultivars of Sorghum
(Sorghum bicolor L. Monech). M.Sc. Thesis,
Coll. of Agric., Anbar Univ.

8. Al-Dulami, H. A. A. 2010. The effect of
potassium and distance between rows on
growth and vyield two cultivars of Sorghum.
M.Sc. Thesis, Dept. of Field Crops, Coll. of
Agric., Univ. of Baghdad.

9. Al-Hassani, S. H. J. 2001. Effect of Planting
Dates on Growth and Yield of Two Cultivars of
Sorghum bicolor L. Moench. M.Sc. Thesis,
Dept. of Field Crops, Coll. of Agric., Univ. of
Baghdad.

10. Allen, R. G, L. S. Pereira, D. Raes and M.
Smith. 1998. Crop evapotrans-piration:
guidelines  for computing crop  water
requirements. FAO Irrigation and Drainage
Paper No. 56. Rome, Italy. FAO.

11. Al-Maghribi, N. M. H. 2004. The Effect of
Potassium and Phosphate Fertilizer on Growth
and Production of Sorghum bicolor L. Monech
Irrigated with Different Water Salinity. Ph.D.
Dissertation, Dept. of Soil, Coll. of Agric.,
Univ. of Baghdad.

12. Al-Shibini, J. M. Potassium in Soil and
Plant. Land, Water and Environment Res.,
Institute. ARC. pp. 208.

13. Anderson, L. L. and D. G. Bullock. 1998.
Varible rate fertilizer application for corn and
soybean. J. of plantnutrition. (USA). 21(7):
1355-1361.

14. AOAC. 1965. Official method of Analysis
of the Association of the Official Agricultural
Chemists. Washington.

15. Bahy, R. B. 1989. Variability and
correlations in grain sorghum genotypes
[Sorghum bicolor (L.) Moench] under drought
conditions at different stages of growth. Assiut

uptake of sorghum in response to integrated
phosphorus and potassium management. Pak. J.
J. Agric. Sci. 20: 4-9.

16. Behnassi, M., S. A. Shahid and J. Dsilva.
2011. Sustainable agricultural development.
springer, Heidelberg, Berlin. p. 275.

17. Billy, E. W. 2005. How a sorghum plant
develops. http://sanagelo.tamu.edu./agronomy/
sorghum/sorghum.htm.

18. Black, C. A. 1965. Methods of soil analysis.
Am. Soc. Agron. No. 9. Part 1. Madison,
Wisconsin. USA.

19. Blake, G. R. and K. H. Hartge. 1986. Bulk
density. in: C. A. Black et al. (Edrs.). Method of
Soil Analysis, Mono. Part 1: 363-375.2".
Agron. Mono. Am. Soc. Agron. Madison.

20. Central Organization for Statistics and
Information Technology. 2012. The Ministry of
Planning and Development Cooperation.
Baghdad, Iraq.

21. Elsahookie, M. M. 1990. Maize Production
and Improvement. Univ. of Baghdad, Ministry
of Higher Education and Scientific Res.

22. FAO. 2010. Production. Year Book. Rom,
Italy.

23. Fayadh, N. M., A. M. Mohammed and F.
M. Ali. 2009. The impact of irrigation water
quantity and scheduling on the water use
efficient and some growth indicators and yield
of maize. J. Agric. Sci. 2(14): 174-182.

24. Gee, G. W. and J. W. Bauder. 1986.
Particale Size analysis. in. A. Klute (edr.).
Methods of Soil analysis, Agronomy No 9. Part
1, 2" Edi.

25. Havlin, J. L., J. D. Beaton, S. L.Tisdal and
W. L. Nelson. 2005. Soil Fertility and
Fertilizers.7" Edi. An introduction to nutrient
management .Upper Saddle River, New Jersey.
26. Kirda, C., R. Kanber and K. Tulucu. 1996.
Yield response of cotton, maize, soybean,
sugarbeet, sunflower and wheat to deficit
irrigation In nuclear tec hniques to assess
irrigation schedules for field crops. IAEA.
TECDOC. 888: 131-138.

27. Klute, A., R. C. Dinauer, D. R. Buxton and
J. J. Mortvedt. 1986. Methods of soil Analysis,
Agron. Part 1, Madison, Wisconson, USA.
28. Kohnke, H. 1968. Soil Physics. Mc-Draw
Hill.

29. Lanyon, L. E. and W. R. Heald. 1982.
Mangment, Calcum, Strontium and Barium. In.
A. Page et al., (edrs.). Methods of Soil Analysis

762



Q9] gl tha,

2015/ 763 -752 :(5)46 — 481 _all o) 311 a glal) Alya

Agronomy. No. 9. Part 2.2" Edi.

30. Ministry of Agriculture. 2006. Guidelines
in the Cultivation and Production of Sorghum.
Public Authority for Agricultural Guidance and
Cooperation, Sorghum Research Project
Development, guidance Bulletin.

31. Mushawer, A. K. A. 2013. Potassium Role
in Tolerance of Zea mays L. to Drought and
Hydrogen Peroxide Stress. Ph.D. Dissertation,
Dept. of Soil, Coll. of Agric., Univ. of
Baghdad.

31. Nielsen, R. L. 2002. Drought and heat stress
effects on corn pollination. Purdue Coop. Ext.
Ser. URL: http://www.agry.purdue.edu/ext/
corn/pubs/corn-07.htm.

32. Nihaba, R. S. 2004. The Effect of Plant
Distribution on Growth and Grain Yield of
Three Cultivars of Sorghum. M.Sc. Thesis,
Dept. of Field Crops, Coll. of Agric., Univ. of
Baghdad.

33. Romheld, V. and E. A. Kirkby. 2010.
Research on potassium in agriculture .needs
and prospects. Plant & Soil. 12: 34-42.

34. Saloom, M. G., M. Jamal and A. Muaala.

2011. Environmental plant physiology
(Practical Part). Coll. of Sci., Univ. of
Damascus.

35. Shafig, S. A. and A. A. Al-Dobali. 2008.
Field Crops Production. Coll. of Agric., Bahna
Univ., Egypt. pp. 594.

36. Shehab, H. A. 2011. The Effect of Planting
Density on Tillering of Sorghum bicolor L.
Moench. M.Sc. Thesis, Dept. of Field Crops,
Coll. of Agric., Univ. of Baghdad.

37. Todd, D. K. 1980. Ground Water It
Ideology. 2™ Edi. John Wiely, NewYork. p. 53.
38. Turner, N. C., F. M. Li, Y. C. Xiong and K.
H. M. Siddique. 2011.Climate change and
agricultural ecosystem management in dry
areas. Crop and Pasture Sci. 62: 1-11.

39. Vannozzi, G. P.,, M. Baldini and S. D.
Gomez. 1999. Agronomic traits useful in
sunflower breeding for drought resistance.
Helia. 22(30): 97-124.

40. Warrick, B. E., C. Sansone and J. Johnson.
2002. Grain sorghum production in west central
Texas. The Texas A. and M. Univ. System.
SCS. 2002-08.

41. Westgate, M. E. 1997. Physiology of
flowering in maize: ldentifying even use to
improve kernel set during drought. In G.
O.Edmeades, M. Banziger, H. R. Mickelsona

and C. B. Pena Valdivia (edrs.). Developing
Drought and Low-N Tolerant Maize.
CIMNYT, Ei. Batan, Mexico. p. 136-141.

42. Yassin, B. T. 2001. Principles of Plant
Physiology. Coll. of Sci., Qatar Univ.

43. Zein, A. K. 2002. Rapid determination of
soil moisture content by the mic- ro wave oven
drying method. Sudan Engineering Soc. J.
48(40): 43-54.

763


http://www.agry.purdue.edu/ext/%20corn/pubs/corn-07.htm
http://www.agry.purdue.edu/ext/%20corn/pubs/corn-07.htm

