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Forage Yield and Quality and Water Productivity of Kochia, Millet, Sorghum and
Maize Under Water Deficit Stress Conditions
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Table 1. Soil physico-chemical properties (0-30 cm soil depth)

Jl Sl sl $33 sk, ey Sy ek deys b esate 05y S des S =
) ) . O o
o b S (e < (EAS 1 Fk) (SIS e f k)
Year  Soil texture F.C. (%) P.W. P. (%) B.D. o.C. P K
(g cn) (%) (mg kg™ (mgkg™")
006 S.L. .y 19.2 78 14 0.51 9 215
2017 S.L sy 195 79 1.45 0.54 9.6 228

F. C.: Field capacity, P. W. P.:

Permament wilting point, B. D.: Bulk density, O. C.: Organic carbon, S. L.: Sandy loam, EC: Electri
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Table 2. Combined analysis of variance for agronomic and forage quality characteristics as affect by irrigation regime and plant species

WA Lo oY o jles FO-Y tl " 3 § Sl (81034 dlxe”

w3 > Shes O 2n ($53 ° 4 5> Shee O 2 ($53 0 4 Sy

@3l5T bsle 5 Faske T 4 she oSa Sz e T e 55y
SOV. S e df. Fresh forage Water productivity Dry forage Water productivity  Forage protein

yield for FFY yield for DFY content

Year (Y) Ju 1 328240968 55.906537" 85651824™ 14.38401™ 0.7004167
Replication/ Y /S 6 188312729 3.3285986 22980089 041116319 1.1583944
Irrigation regime (I) ST w3 2 4187821682™  4.623404" 44438026™ 0.02007917 21.232519™
Y x1 kel 3o x 2 570612678™ 3.0987375 11178315™ 0.6328166" 9.893038"
Error a LT gl 12 73375513 1.2734069 9114984 0.15915486 3.1054278
Plant species (P) oS 48 3 643288908 104.67841" 510726438  8.4375569™ 60.844991™
IxP oS g5 okl s 6 65174795™ 3.5364153 42520169 0.21694028 5.1538990
Y xP oS 48 % Jl 3 93637588" 15.140404™ 164520601 2.3932638™ 26.288186™
Y xIxP oS 68 x T oo % Jl 6 200580588 1.9805958 66393729 0.65935556 4.4032622
Error b o bl e 54 160716114 3.0201903 19084823 0.35636875 2.8400815
C.V. (%) Ol ok g b L) - 21.5 22.08 26.5 27.2 17.33

*and*": Significant at the 0.05 and 0.01 probability levels, respectively.

FFY: Fresh forage yield, DFY: Dry forage yield.
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Table 3. Mean comparison of forage yield, water productivity and some agronomic and forage quality characteristics as

affected by irrigation regime x plant species interaction

5 absle s Slas

5 e (S8 0,8 Aoy Ol Loy Sl ts s Aoy Ses s Shas 5 pan (509 08 osle oy Loy
sk T OB 3 0,5518) S Jsloel Jslals dyle s, O 0 S AS) oS b5le T oS o=t
(oS 0 S A Sl oy gh 3 (B ey 0 o (e g 0 S S) S
Water Fresh forage yield Ash ADF NDF Forage Dry forage Water DMI Potassium
_ productivity for (kg ha) (%) (%) (%) protein yield (kg ha™) productivityfor (%) content (%)
Plant species e FFY (kg m?) content (%) DFY (kg m?)
Optimal irrigation 4ug & WT
Kochia La,S 4.16d 39858.5ed 12.1a 36.03a 5753a 99bc 13299.4cd 1.4c 2.09a 1.55¢d
Maize S 8.7abc 82813.1ab 9.8bc 272b 5957a 8.76cd 21388.6b 2.25abc 2.01a 2.09bed
Millet 03, 641cd 60856 .4cd 12.1a 32.5ab 6348a 10.39abc 17684bcd 1.86bc 1.89a 1.392d
Sorghum p?)y 10.6a 101241.07a 10.5abc 313ab 584a 6.903d 30181a 3.17a 2.06a 1.88bcd
Mild stress o s
Kochia La,S 6.5¢cd 44875.1ed 10.3abc 3426a 61.54a 8.68cd 12438.4d 1.80¢ 1.96a 1.86¢d
Maize SN 8.92abc 61462 3bcd 10.5ab 3144ab 59.63a 8.99cd 15463bcd 2.24abc 2.02a 2.15bc
Millet 05, 7.16cd 49425 6ed 119a 30.8ab 57.74a 12.11ab 12794.3d 1.85bc 2.09a 2.14bc
Sorghum C)?J,ﬂ 1042a 71859 9bc 9.87bc 3101ab 58.8a 848cd 20481.2bc 2.97a 2.05a 2 44ab
Severe stress  Jyol iS5

Kochia La,S 6.09cd 37703 9¢ 9.53bed 3498a 58.59a 10.7abc 11017.8d 1.78¢ 2.06a 2.49ab
Maize Y 848abc 52418.6cde 7.87d 31.37ab 582a 9.17cd 14061bcd 2.27abc 2.06a 2.17bc
Millet 05, 692cd 42812.7de 1193a 313ab 59.59a 13.16a 11249.3d 1.81c 2.02a 22abc
Sorghum C)?J,ﬂ 992ab 61353 .8bcd 8.63cd 30.57ab 5948a 9.19cd 17540.3bcd 2.8ab 2.02a 2.994

Il e D5l ) ey JL..:HCIa.w): S 508051 bl 5 disl e oS ke 5 S Sl (slyls 487 O g ,a 5o ‘&Laiﬁiil._.a
Means, in each column, followed by at least one letter in common are not signicantly different at the 5% probability level- using Tukey’s Test.

FFY: Fresh forage yield, DFY: Dry forage yield, ADF: Acid detergent fibre, NDF: Neutral detergent fibre, RFV: Relative feed value, DMI: Dry matter
intake, DDM: Digestable dry matter.
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Table 4. Mean comparison of forage yield, water productivity and some agronomic and forage quality characteristics as affect by year x
plant species interaction

s (S050 4 P STES 5 agle s Slas Ao Ul s s Ol s s Ao 3SRV 03l oy o3k dusy Ao s
Fesle T Sz s gle ST 22054 A5 ot Jlals Sile Sy p e s Sran S J oS =
e SAS) (e 0 £ AS) OSs oy g5 S ey g5 3 -2
(S X
Water Water Fresh Ash ADF NDF Forage RFV DMI DDM Potassium
_ _  productivity for productivityfor forage yield (%) (%) (%) protein (%) (%) (%) content (%)
Plant species e FFY (kg m*) DFY (kg m?) (kg ha'') content (%)
2016
Kochia LS 5.56d 1.94bcd 40166.6d 10.82bc 37.41a 56.79b 9.64bcd 98.4ab 2.1a 59.75¢ 2.17abc
Maize [S3%) 10.29ab 2.7b 77475.0ab 9.01d 25.64c 59.05ab 7.97cd 108.6a 2.03ab 68.92a 1.86bc
Millet 35 7.032cd 1.9cd 52733.3cd 11.67ab 30.95b 63.14a 13.29a 95.6b 1.9 64.78b 2.02abc
Sorghum U?U‘“ 11.63a 3.78a 88575.0a 9.44cd 30.2b 59.42ab 7.63d 102.4ab 2.019ab 65.37b 2.54a
2017
Kochia LS 5.61d 1.38d 41458.4d 10.55bc 32.7b 61.66ab 10be 96.3b 1.96ab 63.4b 1.7¢
Maize %) 7.13cd 1.81cd 53654.4cd 9.8cd 34.38ab 59.23ab 9.98bc 97.8ab 2.03ab 62.1bc 2.4ab
Millet a5 6.63d 1.81cd 49329.8d 12.2a 32.2b 57.39b 10.49b 104.3ab 2.1a 63.8b 1.86bc
Sorghum U?U‘“ 9.04bc 2.21bc 67728.2bc 9.94cd 31.72b 58.43ab 8.75bed 103.1ab 2.07ab 64.2b 2.34ab

Il e D5l ) ey JL..:HCIa.w): S 508051 bl 5 disl e oS ke 5 &S Sl (slyls 47O g ,a 5o ‘kﬁh@iil._.a
Means, in each column, followed by at least one letter in common are not signicantly different at the 5% probability level- using Tukey’s Test.

FFY: Fresh forage yield, DFY: Dry forage yield, ADF: Acid detergent fibre, NDF: Neutral detergent fibre, RFV: Relative feed value, DMI: Dry matter
intake, DDM: Digestable dry matter.
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Table 5. Mean comparison of forage yield, water productivity and some agronomic and forage quality characteristics as affected by
irrigation regime and plant species

8 pan (S50 40 3 Shes EWST Sl s s OUl s, Loy ale 5 Slas T o e S50 4 IESTRWSN osbe Ao s osle Ao s
S abgle OT S absle Sl Jslomals J sl ) . oSt oSt dbgle o ) ) b e S o LG oS
(o p SAS) (S 550 5,lS) oy 55 ey ) akas 220 558) Py ek e
Sl (s (e e
Water Fresh forage Ash ADF NDF Forage Dry forage Water RFV DMI DDM
productivity for yield (kg ha™) (%) (%) (%) protein yield productivityfor N (%) (%)
FFY (kg m*) content (%) ~ (kgha')  DFY (kgm?) (%)
Irrigation regime (5l ™3
Optimal irrigation  wgy (o LT 7.492b 71192a 11.17a  31.78a 59.74a 8.99b 20638.3a 2.17a 100.1a 2.01a 64.1a
Mild stress ke S5 8.252a 56906b 10.66a 31.89a 59.45a 9.56ab 15294.3b 221a 101.09a 2.03a 64.05a
Severe stress L L 7.856ab 48572¢ 9.49b 32.05a 58.97a 10.6a 13467.2b 2.18a 101.3a 2.04a 63.9a
Plant species  ols” 495"
Kochia LS 5.58¢ 40813d 10.68b 35.092a 59.23a 9.82b 12252¢ 1.66¢ 97.3a 2.04a 61.5b
Maize S3H 8.71b 65565b 9.4c 30.01b 59.14a 8.97bc 16971b 2.25b 103.2a 2.03a 65.5a
Millet 3] 6.834c 51032¢ 11.98a 31.58b 60.27a 11.89a 13909bc 1.84bc 99.9a 2a 64.2a
Sorghum pf);« 10.338a 78152a 9.69¢ 30.96b 58.92a 8.19¢ 22734a 2.8a 102.7a 2.04a 64.7a

Means, in each column, followed by at least one letter in common are not signicantly different at the 5% probability level- using Tukey’s Test.

FFY: Fresh forage yield, DFY: Dry forage yield, ADF: Acid detergent fibre, NDF: Neutral detergent fibre, RFV: Relative feed value, DMI: Dry matter
intake, DDM: Digestable dry matter.
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Table 6. Mean comparison of forage yield, water productivity and some agronomic and forage quality characteristics as affected by year x
irrigation regime interaction

O pan S350 2 5 Sles NPH Ol ass NN Sy SesSs Toransoew i
S abgle OT S absle S Jsloals Jslouals i i oSas St digle o . )
(e o SIS GESs 520 55L8) oy 5 5 S ek b s ke oan 25 SAS) eSS e
Sl (LS (__.&nﬂ
Water Fresh forage Ash ADF NDF Forage Dry forage Water REV
productivity_for yield (kg ha™) (%) (%) (%) protein yield_1 productivity_t;or %)
Irrigation refime Skl s FFY (kg m™) content (%) (kg ha™) DFY (kg m™) °
2016
Optimal irrigation &4 s,LT  8.6a 81856.25a 9.4b 31.45a 61.01a 8.27b 25746.79a  2.69% 98.3a
Mild stress s 87a 59687.5b 10.67ab  31.34a 59.86a 9.77ab 16877.54b 2.46a 100.4a
Severe stress Lds S5 Bl6a 52668.7bc 10.7ab 30.36a 57.93a 10.89a 15736.38b 2.56a 105a
2017
Optimal irrigation &g 5,7 6.4c 60528.3b 9.62b 32.13a 58.48a 9.72ab 15529.8b 1.64b 101.9a
Mild stress e A5 7.8ab 54124bc 10.67ab  32.45a 59.045a 9.39ab 13710.98bc 1.97b 101.6a
Severe stress L 25 7.12be 44475.8¢ 11.67a 33.75a 60.02a 10.3ab 11198.03¢ 1.79b 97.7a

A Sl s gl Ao ey leclaﬂﬁ S5 05T elal  disl e oS 2 e 6K il (glyls 4SO g ,p s udhaiil._.a
Means, in each column, followed by at least one letter in common are not signicantly different at the 5% probability level- using Tukey’s Test.

FFY: Fresh forage yield, DFY: Dry forage yield, ADF: Acid detergent fibre, NDF: Neutral detergent fibre, RFV: Relative feed
value, DMI: Dry matter intake, DDM: Digestable dry matter.
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Table 7. Combined analysis of variance for forage quality properties as affected by irrigation regimes and plant species

PN et osle JEERINN s 530 5 J ksl oL 23 Jsloeals Ul S o S

3T s 6 & ran a5ske S ey o5 Sl oy 55
S.0.V. S g df. DDM DMI RFV NDF ADF Ash Na K
Year (Y) o 1 43.174837** 0.01401667 17.493337 4.3137760 71.225376** 4.03850104 0.01283437** 0.07537604*
Replication/ Y /1SS 6 3.8285708 0.00803889 56.342141 6.5070052 6.3061830 0.79201910 0.00112465 0.36851493
Irrigation regime (I) e = 2 0.3524573 0.00707917 13.111282 4.8509823 0.5833792 23.67898 0.01116562%* 4.55105417**
Y x1 ez X dl 2 10.1968719 0.05090417 260.40355%* 43.6699260 16.8597792 2.17876979 0.0106156** 1.00646667**
Error a Gl slesT (gl 12 9.4510604 0.01489306 43.478694 12.8733125 15.5697986 2.61718993 0.00061007 0.34462431
Plant species (P) oS o 3 71.484534** 0.00765833 178.620436 8.6343760 117.803259** 32.5751288** 0.0664593** 1.24685104**
IxP o (&2 e 38 6 12.1833753 0.0411666* 132.123810 35.221928* 20.0646208 4.4494517** 0.00334896** 0.52370417*
Y xP oS 4,8 x Jl 3 109.276340** 0.1364305* 386.60846** 114.149717** 180.13809** 1.31039271 0.00043438 1.04243437**
Y xIxP oS 65 x T 25X Jl 6 15.808670* 0.03528056 167.39469* 25.7798469 26.055465* 0.31480312 0.00199063* 0.37758333
Error b < shleT gl 54 6.800808 0.01944907 74.253824 14.477364 11.213540 1.2167478 0.00086308 0.19477581
C.V. (%) SR b A - 4.02 6.86 8.5 64 10.5 10.65 234 20.77

*and™ : Significant at the 0.05 and 0.01 probability levels, respectively.
DDM: Digestable dry matter, DMI: Dry matter intake, RFV: Relative feed value, NDF: Neutral detergent fibre, ADF: Acid detergent fibre.

.w):»aﬁ:,@Ju.b-lc!a.u,:,\:@u\',.;jq:**}*
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Table 8. Mean comparison of dry forage yield, Na and some forage quality properties as
affected by year x irrigation regime x plant species interaction

6ol o2 3B o3l o Jslomel O s 55 Loy Sz b le > Shes
FENP s oS Sl o 45 5> ke G 3 p 5 4k8)
Irrigation regime  Plant species A s %50\)/ D(%;/I ?‘25 (ISIA)a) yi]gg(%gral%; )
2016
_ Kochia LasS 90.07ab 57.07¢c 40.85a 0.18a-d 14293.3cde
o k! Maize oy 113.01a 72.9a 20.4¢ 0.12¢-g 26338.8b
Sgéﬁgln Millet 050 89.5b 63.11bc 33.1ab 0.1d-h 18925.8bcde
Sorghum (}fu—" 100.8ab 64.48b 31.3b 0.13cd 43429.1a
Kochia LasS 99.09ab 60.58bc 36.34ab 0.21ab 13833.2cde
e 25 Maize <3 103.69ab 66.53ab 28.7bc 0.1d-h 18090.9bcde
Mild stress Millet 05l 98.72ab 65.42b 30.1b 0.11d-h 12624.8cde
Sorghum c;fu—f' 100.46ab 65.4b 30.17b 0.1d-h 22961bc
Kochia LS 106.07ab 61.6bc 35.03ab 0.23a 14120.8cde
Lds i Maize <5 109.29ab 67.3ab 27.72bc 0.11c-h 16593.4bcde
Server stress Millet 05 98.7ab 65.8b 29.6b 0.1d-h 11104.4de
Sorghum ¢5om 105.92ab 66.24ab 29.09bc 0.12¢-f 21126.7bcd
2017
_ Kochia LasS 107.28ab 64.58b 31.2b 0.14bcd 12305.6¢cde
) Maize <5 98.3ab 62.45bc 33.9ab 0.04gh 16438.4bcde
i(l?}i’égggln Millet 555 96.8ab 63.91bc 32.07ab 0.05£h 16442.19bcde
Sorghum ¢ 105.13ab 64.53b 31.2b 0.04gh 16932.8bcde
Kochia LasS 90.25ab 63.8bc 32.18ab 0.19abc 11043.6de
e 2 Maize S3H 97.9ab 62.26bc 34.1ab 0.13cde 12835cde
Mild stress Millet o550 112.4ab 64.3b 31.57b 0.115¢-h 12963.79cde
Sorghum ¢S50~ 106.09ab 64.08bc 31.8ab 0.127cde 18001.4bcde
Kochia LasS 91.56ab 61.69bc 34.92ab 0.25a 7914.8¢
L A Maize SN 97.34ab 61.61bc 35.03ab 0.1d-h 11529.1cde
Server stress Millet 50 103.5ab 63.2bc 32.98ab 0.04gh 11394.13cde
Sorghum 05 o5 98.3ab 63.9bc 32.05ab 0.1d-h 13953.99cde

3L Aoy gy Jlor o 53 (S5 0 g03T ol p LBl 0 &S e O3 G Jilo (115 4 (0 a3 ¢ o la L

—in Sl L e ol sl ln LG
50357 15, 55 5 (6 fden er S S iy
lad pelS els gl 6 e 5 41 Bl o0
(Waghorn et al., 2007)
St 03le o (S (Kias 4 45
ADF sNDF 0l L (DDM) (2 J—&
Ol 35 s+ (Najafinezhad et al., 2014) 4 4\e

.~U)‘u\3 )\.\L;'Ju&

Means, in each column, followed by at least one letter in common are not signicantly different at
the 5% probability level- using Tukey’s Test.

ADF: Acid detergent fibre, RFV: Relative feed value, DDM: Digestable dry matter.
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