2N 9 J@ (£lhi4 dxe
IFAY Jls & ojled oY w>

9T U pa0 Ol SO pgw pouls 9 Culgi 9o SL 0 9 7 9 ST S 3y T
G19 Plos Lyl ph 50 4790 Culs” 30 P57 ygw § D ddgle & Shos

Effects of Irrigation Regimes and the Use of Barley Residue, Zeolite and
Superabsorbent Polymer on Forage Yield and Water Use Efficiency of Maize and
Sorghum in Double Cropping System under Minimum Tillage
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Table 1. Results of physico-chemical properties of soil (0-30 cm depth), zeolite and superabsorbent polymer

Year Jl

= & s Superabsorbent polymer (A200) il g
Characteristics @2 7012 2013 Zeolite 55

Soil texture Sl sl SL SL  SiO; (%) 68.00  Appearance &K, 5 e White granule
F.C (%) PTG RGN ) 19.2 19.2 AL, O3 (%) 11.50 Particle size(mm) o3l 1-5
P.W.P (%) s Sapn dais Cygby 7.8 7.8  Zn (mgkg") 0.46  Moisture content (%) Cashy (g s 2-3
B.D (gem™) AL ot 0 1.4 14  Cu(mgkg™") 0.45  Density(gem™) oS15 1.3-15
0.C (%) ST oS 04 0.5  Mn (mgkg™) 1.64 pH a2l 6-7

P (mgkg") i 8.0 9.7  Fe (mgkg") 1.15  Absorbency in %9 NaCl (g/g) T8 ke IS e 5> ST 45

K (mgkg™") s 208.0 2240 Cd(mgkg") 0.03  Absorbency in distilled water(g/g) Shie OT Gl O 220
pH gl Jf & el 7.9 79 P (mgkg'l) 16.00 Stability in soil(year) (JL) S s pl9> OLej 7

EC (ds/m) S S las 1.2 1.3 K (mg/kg) 7400.00

C.E.C (meq/100g)  260.00

F.C: Field Capacity, P.W.P: Permanent Wilting Point, BD: Bulk Density, O.C: Organic Carbon, S.L: Sandy loam, EC: Electrical Conductivity
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Table 2. Combined analysis of variance for traits as affected by different irrigation regimes, plant species and combination treatments of barely
residue, zeolite and superabsorbent polymer in 2012 and 2013

S Ble s S 3 Shos G 4de s Shes wle s Shee e Ol e Ol e Ol O s Ol

@357 RN U5 s Il oy e U5 S U5 S se T Jsl x5 85k ST I8 S e T Il oy S S5k T
SOV Sl e df. FFYF TFFY DFYF TDFY WUE for TFFY WUE for FFYF WUE for TDFY WUE for DFYF
Year (Y) J 1 133391885 188094537 5849392.6 18402909.3 0.15313 0.68784 0.00691 0.00497
Replication (Y) Jl s 1S5 4 416964591 572165916 18419774.7 24326649.0 4.97239 4.86258 0.21982 0.20790
Trrigation regime (I) okl w2l 1 4556148738" 5517042617 200731961.7"" 227111390.17 26.85117" 30.670" 1.18629" 1.45404™
Y <1 ST i x 1 92112408 102324519 4034585.1 2285252.0 12.44319™ 13.17526™ 0.54727" 0.5362"
Plant (P) s 1 5963335035" 734875756 262760896.0 28488202.0° 14.11207" 45.980™ 0.62078" 2.109"
IxP oS g% T s 1 102498344 485667260" 4491089.4 19829121.6" 5.12849" 1.97820 0.23479" 0.06410
Y xP oS g x Jle 1 15798230 3274229 708187.0 1060428.3 2.88079 4.55965 0.12775 0.11888
Y xIxP o 5% T 5y x e 1 47775186 40882242 2126823.4 3823143.0 0.43731 0.31249 0.01956 0.02171
RxIxP(Y) Il 53 ol £ 51 OLT 55 % 1SS 12 100722299 93175253 44478433 4155343.4 1.02610 0.79501 0.04539 0.03573
Crop residue, Zeolite and Super absorbent (RZS) 3l gy s S5 Ll 4 679369939%* 808020397 29961749.5%% 35424909.5™ 8.23887" 6.7658" 0.36335™ 0.297766"
Y «RZS O3l g 5 S 5 bl x Sl 4 18526718 13000058 821596.1 511778.2 0.32622 0.32189 0.01445 0.01345
I'xRZS D3l g g 5 S 5 LB X 65LT 055 4 3412061 4943209 154647.6 333494.7 0.40427 0.42704 0.01789 0.02123
Y x IxRZS D3l g g 5 S 5 LR X T 05X e 4 21367856 26272302 946892.4 1386409.7 0.23767 0.21547 0.01056 0.01095
P xRZS 3l 5 S5 bl xolS g 4 84669773" 21964272 3869805.6° 869160.5 0.42824 0.84093" 0.01869 0.04298"
Y xPxRZS D3l 5 S5 bl XalE g x Il 4 21366512 52735053 1109182.8 2493496.2 0.44303 0.41864 0.01941 0.01038
I'x P xRZS 3l e 5 LI 55 blexelE g5 LT 05 4 20635066 21785880 910752.3 845507.1 0.25022 0.24247 0.01101 0.00937
Y < 1xP=RZS Sl 3 S5 b XS ik LT % b 4 11641256 14136073 512265.7 816534.7 0.17634 0.17541 0.00774 0.00883
Error s 64 32890357 34218201 1452021.8 1486878.7 0.4291 0.01895 0.01456
CV. % S s dey - 10.32 8.98 10.321 8.94 10.88 10.05 10.89 10.32

* and **: Significant at the 5% and 1% levels of probability, respectively.
FFYF: Fresh forage yield in first cut; TFFY: Total fresh forage yield; DFYF: Dry forage yield in first cut; TDFY: Total dry forage yield; WUE: Water use efficiency.
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Table 3. Two years mean of forage yield and water use efficiency as affected by different levels of irrigation regime and plant species

Loles sle s Sl 5 Shes & le s Shee ale 5 Slas O pn Olakil O e Olakil O e Lokl 05 e OLatil
dil o 5 JS 5 ek Il oy S g5 e F e ol Blom el ol Sz dile 0T dyl o oS G le T
Treatments FFYF TFFY DFYF TDFY WUE for TFFY  WUE for FFYF  WUE for TDFY WUE for DFYF

(kgha™) (kgha™) (kgha™) (kgha™) (kgm™) (kgm™) (kgm™) (kgm™)

Irrigation regime (5 LT w35

70 mm 60868a 71006a 12783.0a 14831.2a 5.1822b 5.467b 1.087b 1.135b

140 mm 48912b 57787b 10546.6b 12428.0b 6.1943a 6.429a 1.340a 1.378a

LSD 5% 4056.4 4062.5 899.8 884.2 0.3697 0.439 0.079 0.087

Plant species  ols" g4

Maize RSt 62172a 62172b 14034.9a 14034.9a 6.314a 6.314a 1.4257a 1.4257a

Sorghum f;)}”‘ 47608b 66621a 9294.7b 13224.4a 5.061b 5.582b 1.0019b 1.0885b

LSD 5% 4056.4 4062.5 899.8 884.2 0.3697 0.4399 0.0792 0.0877

e 70 Jloz! cb_,ﬂ BEEIENSEN ol el U8 2w pa 53 &S zie o > (gl LSL“’Q:KH:"
Means with the same letters in each column are not significantly different at the 5% level of probability.

FFYF: Fresh forage yield in first cut; TFFY: Total fresh forage yield; DFYF: Dry forage yield in first cut; TDFY: Total dry forage yield; WUE: Water use efficiency.
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Table 4. Two years mean of forage yield and water use efficiency as affected by interaction of
irrigation regime and plant species

)led 4 le 5 Shes s Shas byl s She wgde s Slas e Oy e Olely e Olentily 5 e Oloutil
dsl o 5 J sk s s @sle T 5 sk T @sle T S gl ST
Jsl K5 Jsl o Js oS sl oo
Treatments FFYF TFFY DFYF TDFY WUE for WUE for WUE for WUE for
(kgha™) (kgha™) (kgha™) (kgha™) TFFY FFYF TDFY DFYF
(kgm™) (kgm™) (kgm™) (kgm™)
Maize s
70 mm 67543a 67543b 15227.7a  15227.7a 5.70b 5.7bc 1.285b 1.285b
140 mm 56801b 56801c 12842.1b  12842.1b 6.92a 6.92a 1.565a 1.565a
Sorghum  pg5)gw
70 mm 54193b 74470a 10338.3c  14434.8a 4.66c 5.23¢ 0.889d 0.985¢
140 mm 41022¢ 58772c 8251.1d  12014.0b 5.45b 5.92b 1.114c 1.191b
LSD 5% 5736.5 5745.3 1272.5 1250.5 0.5229 0.6221 0.1119 0.124

a0 Jlez| clad): BN GolT oMt BB (O3 g2 o 53 &S i 3 > (gl)ls \5\.&&“&][:.‘
Means with the same letters in each column are not significantly different at the 5% level of probability.

FYF: Fresh forage yield in first cut; TFFY: Total fresh forage yield; DFYF: Dry forage yield in first cut; TDFY: Total dry forage yield;

WUE: Water use efficiency.

ag ol Olis ialS Jol s 4 S g 55
Eol3sine 65wl 55 0 £ ) s 1S (6550
STl Aol a5 Ll azdls & yd 4 S
(55 L p 8 s dgl e S ils 5 DL
) 5 s 4 S D53 5, Sas (5,5
eSSt o3l W5 g ddy o 4 Ol oo 1y (Ul
CM_Q\JLHJ»CLJDBJAQJSM
B sl g a a5 LL(F 5 Y gla J2)

YYo

Ly s by Les Ol ois gy ) Jio:).)
2 e S @ dor g5 bl 0 0305 Ol oLS
Sl 039d5us) OLTVO G 5 g gV e lles Jials
e LS (033 o Gl p 5 ) e
Sl fSIas gles OLT j3 a8 (g sb @ cazils
L1 3 g0 oy 31 8 e am y3 Yo 5l 2aS 0
Aby S FALST 5 e DAL S e a8

JHB e s p g5 o sk Sl (S s



WAF Jlo o o led (Fe Y " 3 9 Jlg8 (£ 1534 dloxa”

50
== a» aMinimum- 2012 — MMaximum- 2012 —— Minimum- 2013 ---——- Maximum- 2013
P
O
o
N’
)
2 5
__3 ~—
k="
=
g
—
2
B B E B2 = B & o & =2 T ¥ e »
& = = 2 = E E ) )
= s 52 2 =243 2 &2 2 0 2 2
- u =) - - %0 - uwy * (3] = =
= - — & - o1 M
— - o = — o - — =) > - _ -
5 9 W w3 x 3 x 2 03 2 %
B 5 :: % = Q £ E: ‘E % b} j_, ._‘_lJ
Date Gt

WAY 5 ¥Y sladle ;s LT ol gm a i 313 5 v.<, 3oy als Gles Ol i —) S
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Fig. 2. Changes in dry matter accumulation in maize and sorghum during the growing season
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Fig. 3. Changes in crop growth rate (CGR) of maize and sorghum during the growing season
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Fig. 4. Changes in dry matter accumulation in maize and sorghum during the growing season
under different irrigation regimes
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Fig. 5. Changes in crop growth rate (CGR) of maize and sorghum during the qrowing season
under different irrigation regimes
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Table 5. Two years mean of forage yield and water use efficiency of maize and sorghum as affected by

combination treatments of barley residue, zeolite and superabsorbent polymer

e SIS AE LSS g, Sl 5 Shes dyes Sl wles Slas O s ekl O s Olantl O s Olastl O e Olantl
ety Jsl o 5 JSsasle gl S IS ble T ol o 5 dse ST 5 oSt ble OT o S dsle T
S5 Js!
Plant spesies RZS FFYF TFFY DFYF TDFY WUE for TFFY ~ WUE for FFYF WUE for TDFY WUE for DFYF
(kgha™) (kgha™) (kgha™") (kgha™") (kgm™) (kgm™) (kgm™) (kgm™)
ZR 66908a 15145.7a 6.80a 1.540a
SR 64814a 14684.6ab 6.56a 1.488a
. . ZSR 63696a 14478 7ab 6.54a 1.488a
Maize 3
R 62217a 13961.6b 6.32a 1.417a
C 53225b 11903.8¢ 5.34b 1.194b
LSD 5% 4784.1 11583 0.526 0.125
ZR 52652a 72069a 10361.7a 14305.8a 5.44a 6.12a 1.077a 1.204a
SR 45686b 65619bc 8808.4b 12958.9bc 4.99b 5.37b 0.985b 1.036b
P95 3gu ZSR 47640b 67291ab 9348.6b 13400.3ab 5.09ab 5.56b 1.011ab 1.090b
Sorghum R 48147ab 66640b 9335.5b 13216.5bc 5.06ab 5.65ab 1.001ab 1.095ab
C 43913b 6148¢ 8619.4b 12240.4¢ 4.71b 5.19b 0.933b 1.016b
LSD 5% 4517.1 4852.4 905.8 977.45 0.396 0.55 0.08 0.111

A 70 d\a}lc&d)ﬁ).:@”é)uTg})\:"'u\su‘dP}3)3 SS e g}f&bbéhaﬁi@:
Means with the same letters in each column are not significantly different at the 5% level of probability.

PSS S5 0 Ll 5 /0 TZSR S 55 3l s g ek p S P + LG 5 F/0 ISR e)&a);q,sj;;\wg@;;F/A:ZR«usu,y,@}u;;‘?ém&s;su)ug:RZS

Aalsyles (C ¢ Juiapuu, SF/0

R s 55 Odle s 5

WUE: Water use efficiency; RZS: Combination treatments of crop residue, Zeohte and Superabsorbent polymer; ZR: 10 t ha™ Zeolite % 4.5 t ha barely residue;
SR: 60 kg ha” Su é)erabsorbent polymer + 4.5 t ha barely residue; ZSR: 5 tha Zeolite + 60 kg ha! Superabsorbent polymer + 4.5 t ha barely residue; R: 4.5 t ha

"barely residue;

Control

Yv4
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Table 6. Combined analysis of variance for traits as affected by different levels of irrigation regime, plant species and combination treatments of
barely residue, zeolite and superabsorbent polymer in 2012 and 2013

WAF Ul o ojled (Fo =Yt " 303 9 Jlg8 (B0 54 dlxa”

35T ey Sk, S sk, P oS o3> Shes St osle
S.O.V. i s df. Soil moisture 4WAS Soil moisture SWAS Crude protein Yield protein Dry matter
Year (Y) Jl 1 0.85489 4.13558 0.610078 98384.428 0.000859
Replication (Y) Jle 53 1S 4 2.75220 1.79818 0.221481 87177.643 0.000355
Irrigation regime (I) T 1 227.6571°° 296.90405" 77.330914™ 2965.715 0.000411
Y x1 @bl w35 Jle 1 8.52044 1.93672 1.917424 59795.578 0.003236"
Plant (P) oS g5 1 12.46067 3.12655 25686096 335999.492"°  0.158473"
[P oS 5% okl s 1 0.41555 0.00664 7.434518° 7207.336 0.003570"
Y <P oS g5 x o 1 1.69191 4.05159 0.019221 99264.298 0.000993
Y xIxP oS g 5% T s x dl 1 0.00298 0.21616 0.326172 8932.954 0.0000082
RxIxP(Y) Jlo 53 ol g 5 x OLT 35X 1SS 12 3.68785 3.28997 1.382574 33602.683 0.000297
o e s Pl 5 55 Ll 4 5.51120 3.94352" 2009473 14766198 0.0003874"
Y xRZS e 5 Sl 5 bl x Il 4 0.48079 0.63241 0.454348 3548.606 0.0001005
[ <RZS 3l e 5 S5 ble X LT 055 4 0.92650 0.20637 0.443634 14839.129 0.0001967
Y < IxRZS 3l g5 S5 bli X (5T 5 L 4 1.25804 0.87643 0.507819 4459.563 0.0000849
P xRZS D3l g g 5 S 5 bl XelE g 5 4 1.4778 0.35976 1.738534* 5471130 0.0004434
Y <P xRZS D3l g 5 I 5 bl XelS p i x L 4 0.2966 0.49967 0.271341 31889.91 0.0000982
[ <P xRZS S35 Sl 5 bl ol 6 x LT ) 4 1.12816 0.23968 0.622536 16093.167 0.0000362
Y «IxPxRZS D3l 5 S 55 L xS g X LT 5 X Jle 4 0.97457 0.33461 0.589475 30123.834 0.0000308
Error s 64 1.04269 0.51796 0.66340 12860.731  0.0001491
CV. % S ) - 12.06 7.44 11.64 14.14 5.99

*and **: Significant at the 5% and 1% levels of probability, respectively.

4WAS: 4 weeks after sowing; 8WAS: 8 weeks after sowing
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Table 7. Two years mean of crude protein, forage dry matter and soil moisture as affected by
irrigation regime and plant species

byl P 535 3 Shes oS osle Sk, S Sash,
Treatments Crude protein Yield protein Dry matter Soil moisture Soil moisture
(%) (Kgha™) (%) 4WAS (%) SWAS (%)

Irrigation regime (& LT P53)

70mm 6.474 b 797.04 a 0.205 a 9.84 a 1124 2
140mm 8.018a 806.98 a 0201 a 7.08 b 8.09b
LSD 5% 0.412 72.92 0.0069 0.763 0.721

Plant species  olS” £g

Maize Soys 6.185b 854.92a 0241a 3.78a 9.82a
Sorghum ) 4u 8.307 a 749.09 b 0.167b 8.14a 95a
LSD 5% 0412 72.92 0.0069 0.763 0.721

A 70 Jlez c]a..» 23 b sme (65T oMl BB (O 2w 8 53 ST ke s - 511 h5La‘;,:§5\._«
Means with the same letters in each column are not significantly different at the 5% level of probability.

4WAS: 4 weeks after sowing; 8WAS: 8 weeks after sowing

_,;U&:del:’-C,.:))ajjc\é}l.c&ﬁ-o.sLn.\.pJ.s%l:'-&:‘J)ﬁdLﬂ):aiij—/\d)u\q-
oS 55 bl s SSen

Table 8. Two years mean of crude protein, forage dry matter and soil moisture as
affected by interaction of irrigation regime and plant species

s ST ) P s S S S ole Slcsb, Sl b,
Plant species Irrigation Crude Yield Dry matter Soil Soil
regime protein protein (%) moisture moisture
(%) (kgha’l) 4WAS (%) (%) SWAS
3t 70 mm 5.645¢ 857.70a 0.243a 10.1a 11.4a
Maize 140 mm 6.724b 852.14a 0.236a 7.46b 8.24b
f;)f” 70 mm 7.304b 736.37b 0.160c 9.57a 11.07a
Sorghum 140mm  9311a 761.81ab 0.174b 6.7b 7.94b
LSD 5% 0.5837 103.12 0.0097 1.08 1.02

A 70 Jlaz-| c]a..» 23 b sme (65T oMl BB (O 2w 8 53 ST ke s - 611 ‘5&«&:@\:‘
Means with the same letters in each column are not significantly different at the 5% level of probability.

4WAS: 4 weeks after sowing; SWAS: 8 weeks after sowing

Sz ol Lol 0l jy S 5L s S CJ 5 5,8 L(Mahmodabadi et al., 2009)
S sl gy blg 4 olg ol ol S g olE 31,y ¢St 03l s ys ! 58l
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Table 9. Two years mean of crude protein, forage dry matter and soil moisture of maize
and sorghum as affected by combination treatments of barley residue, zeolite and

superabsorbent polymer
oo s bl oS 5 P e S50 Sas Sz osle Sl b &Sl Ly gb)
ks o)
3l
Plant species RZS Crude Protein yield Dry matter Soil Soil moisture
protein (%) (tha’l) (%) moisture SWAS (%)
AWAS (%)
7R 5.761b 868.44a 0.244ab 8.60b 10.06a
SR 6.084b 865.37a 0.241abc 8.83ab 9.78a
= ZSR 6.081b 875.25a 0.249a 9.70a 10.17a
Maize
R 6.123b 849.36a 0.233bc 8.81ab 10.15a
C 6.871a 796.19a 0.231c¢ 7.97b 8.95b
LSD 5% 0.428 88.41 0.011 0.90 0.61
ZR 7.790b 777.49a 0.168a 8.58a 9.79a
SR 8.665a 742.99a 0.163a 8.13ab 9.33ab
il ZSR 8.235ab 741.78a 0.168a 8.30a 9.67a
Sorghum
8.312ab 760.75a 0.164a 8.27a 9.68a
C 8.535a 722.45a 0.171a 7.40b 9.04b
LSD 5% 0.633 99.85 0.0084 0.78 0.58

izen 70 Jlaz pedas 53 1 i (65T SV 36 0 g2 2 55 5 20 O 511 (sl Sl

55 3l g ok p LS F 0 4 Ll 5 B0 ISR G 55 Sy o Ve Ll o5
daliles 10 G Ho Ll o

5¥/0 Rc;&a):uabf}.u(v}l.f\‘ + O 50+ L oy

5 F/0 ZRcu:\;,yﬂ..L}g,J}a)LPsLLb 6.5, slayles :RZS
5 %10 :ZSR LSa

Means with the same letters in each column are not significantly different at the 5% level of probability.

E: Water use efﬁc1ency, RZS: Combination treatments of crop
ha™ Zeolite + 4.5 tha barely residue; SR: 60 kg ha™ Su
Zeolite + 60 kg ha' Superabsorbent polymer +4.5 tha

4WAS: 4 weeks after sowing; 8WAS: 8 weeks after sowing

ol ames (V Jada) sl il 580 Jle 5 g,LuT
Ll 5 53 ST O 5 6 ol gl b oo
)Jw}ﬁt‘\—mﬂ)bw‘ﬁ‘ ‘VJUM_’
J)‘JC,_Q{LEAMJ;&J‘}_?‘)C;)HU}LG
Mojbksw)j Cﬁ‘)b .(Naseri et al., 2012)
Dale 5, Shae U 55 0 Ao s e  Sienesd
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lp}c;,rablsorber:it polymer + 4. 5 tha barely residue; ZSR: 5 t ha’
arely residue;

10t

residue, Zeolite and Superabsorbent polymer; ZR;

R: 4.5 t ha barely residue; C: Control

seSL5 ps gl b, sle 5oy, a

LS 5L L cwlie Sl lde olie g5lusl3T
5 J,
.(Polat, 2004 <Mahmodabadi et al., 2009)
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