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Kafietal.,, ) el ool 5)158 ao, 0 VALY
2l eSen woys og azg B (2010
L Nl jekeas 1) aa sladsle oS ()l

Dled oo iz 90 Ol Bras  llS
Wosls  uibyly 4y 51 Jols s ol
3 Jl jiiSen 5t cou adgle ow clale
(Y Jgo2) 090 o gime olS gg5 j0  Sis s
E9 00 (S 5 )0 Jlo SiSes (o) 0
30 9 Jlo 90 o 0 LdsS oS ol aseine oLS
s |y oo lade oy i ol i byl
Jlo 90 ;2 50 LligS o IS jabay (Y JS3) Col
S5 Sl 0392 )10 595 1 (6 iin prd (S5ioe
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(Lieth and Lohmann, 2000) &S o n2l,8
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P i ey (V J992) og Sl
055 ey S5ime (i 5l bajles b

FaS Gy gy ezen g S 65, g
Sl lagye G35l 5 D)3 b dnalie )3 oS j5m
.(Salehi, 2010; Najafinezhad et al., 2014)
Jﬁyiwéwoobe&Jo‘W
9 Sbe 09z Jdoar conl e psS 9w o
awn G,k 5l Ol ol caums zalS slels
ol i ol Jdear b baaijy, g
Cogb, (iSe &ya8 g bads, axwy &,b
.(Jiang and Huang, 2001) ol i
Cod adgle a1y p el gy
2l g Ses mD 0 Jle jiiSean S0
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(o il oo =T+ 3as) S pleord 5 (Soid 320 s ) Jogur
Table 1- Result of physico-chemical properties of soil (0-30 cm depth)

039

39 <agb, 3% )9 asb, R 2 A O RV
S el o o guaso - S Gy - g o
I < o p S Sy T
. . S

Year texture e il BD 0.C f(m%) (mg.kg™) EC_I pH

F.C(%) P.W.P (%) e (%) g (dsm™)

(g.cm™)

A0 (b 0d) 19.2 738 14 0.51 9 215 12 7.9
2016  SL
ARt 19.5 7.9 145 054 96 228 13 7.8
2017 SL

F.C: Field Capacity, P.W.P: Permanent Wilting Point, B.D: Bulk Density, O.C: Organic Carbon, S.L: Sandy
loam, EC: Electrical Conductivity

oLS 55 5 (S 5 53l co addllas 0 )90 Dlho S pe uilyly 425 Y oo
Table 2- Combined analysis of variance of different traits under effect of drought stress and
plant species

L 450 . . SF Y )
Ol yund’ 2o solsT P o los S 0 Slos adgle i ) o o2,
S.0.V. > Freshyield  Dry yield e * Na
df Y vy Forage RWC MDA
protein
Year(Y) Jlw 1 328240968%*%  85651824%* 0.7004 0.952 13.305%  0.0128**
L) S
(‘J_ ) .,,s., 6 188312729 22980089 1.1584 49.735 2.223 0.0011
Replication (Y)
e 2 418782168%*%  44438026%*%  21.2325%F  751.045%*  35071%%  0.0111%*
Drought stress(S)
@"“‘;";XJ 2 57061267+  11178315%* 9.8931* 0.455 0.4412 0.0106%*
X
Error 1V glas 12 73375513 9114984 3.1054 32.962 1.996 0.0006
LE £
oL &y 3 643288908**  510726438**  60.8449%*  110.181%*  5.066%*  0.0664%*
Plant species (P)
ey ;"‘P"" o= 6 65174795%* 42520169* 5.1538 117.536%* 0.8921 0.0033%*
X
LS £95 x Jlw
o i”;d 3 93637588%*%  164520601%*  26.288%* 1.567 0.913 0.0004
X
ol x (i i 6 200580588 16983326 4.403 4.803 2239 0.0019*
Y xSxP
Error2 ¥ slbs 54 160716114 19084823 2.8405 20.495 1.244 0.0008
CV. % &l o - 215 26.5 17.3 5.5 18.7 20.77

TN g Jleizl s jo s gre o 4
*and **: significant at the 5% and 1%]evels of probability, respectively.
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Table 2- Continued

a0 S L 5 . A
s g e B dieyds  bgsyts  UEIE Jgls gl
L] S : + Carotenoid
S.O.V. K Adl oy Chlb b+b alb arotenoids
df SPAD a
Chl a/b
Year(Y) Jlw 1 0.075 5.60 1.0710* 1.72%%  5520%% 28531 0.3243%
L) 1S5
(J_ )))SJ 6 0.3683 67.02 0.1460 0.0325 0.1566 0.5918 0.03441
Replication (Y)
o 2 4.55%* 2106.57** 0.6563** 0.0613 1.1008** 0.4412 0.0083
Drought stress(S)
S G d 2 1.006 14.13 0.0301 0.0015 0.0300 1.14%+ 0.0042
YXS
Error 1 ) sl 12 0.344 140.27 0.0432 0.0297 0.1223 0.1991 0.0045
LE £
o2 8.5‘ 3 1.24%* 3110.85%* 0.9475%* 0.609%** 3.075%* 0.3733 0.1132%*
Plant species (P)
£9 x i
oS 6 0.52%* 215.21* 0.1093 0.1205%* 0.3595% 0.5011* 0.0217
SxP
LS ¢q w
o iy;J 3 1.04%* 12.82 0.6286** 0.1928** 1.4389%** 0.3043 0.1093**
X
X (Shus owix Jlw
oS 6 0.377 13.02 0.1383 0.0419 0.2417 0.2158 0.0186
YxSxP
Error2 ¥ sl 54 0.194 96.75 0.0762 0.0203 0.1323 0.2296 0.0125
CV. lpnedi gy - 207 202 232 22 19.9 245 2.1

%

TN 510 Jleiml mdas )5 lo gire o 5 A
*and **: significant at the 5% and 1%]evels of probability, respectively.
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S JedoslS s 5 Judo kS by oS O (o s5ime abgle 8 Slas (Sike anglie ¥ g

Table 3- Average of forage yield, relative water content (RWC), potassium, chlorophyll and
chlorophyll index under interaction of drought stress and plant species

A ) o ,5dos . Judo s g ks Jedo s sl PYCEN
e oS g5 ¥ 28 IV el a/b atb T
g . Fresh yield , Sy Chlb Chla/b Chl a+b o i
Drought Plant species kg.ha' Dry yield SPAD  (mg.g’ (mg.g” (%) RWC
stress kg.ha’l F.W) F.W) (%)
LbsS  Kochia  39858.5ef  13299.4def  69.5a  0.49e¢f  227ab  156efg  1.55de  86.34abc
Jby @y Maize 82813.1b  21388.6b  50.66c  0.69cd  1.78cd  1.96bcd  2.09bc  90.26ab
ﬁgﬁ‘g‘(’)‘n a9 Millet  60856.4cd  17684.0bc  50.88c  0.55def  2.labc  1.86cde  1.39¢  84.2cde

e95yew Sorghum 101241.07a  3018la  469lcd  1.04a 1.66¢d 2752 1.88cd  90.50a
LsgS  Kochia  44875.1ef  124384ef  67.21b  0.66cd 1.6d 1.75cdef 1.86cd  85.89bcd
o Maize  61462.3cd  15463cde  37.86de  0.58cde  1.7lcd  1.58efg  2.15bc  75.77gh
M;f:;:te o3 Millet  49425.6def  12794.3ef  423cde  0.58cdef 1.92abed 1.66defg  2.14bc  80.31ef
ps5y9w  Sorghum  71859.9bc 20481.2b 43.7cde 0.72¢ 1.8bcd 2.06bc 2.44b 78.9fg
LgS  Kochia 37703.9f 11017.8f  49.78c  0.51ef 2332 1.64defg  2.49b  81.59def
G i @) Maize  52418.6de  1406lcdef  34.77¢ 0.44f  2.06abcd  134g  2.17bc  72.9h

Severe 33) Millet 42812.7ef 11249.3ef 39.4de  0.57cdef 1.71cd 1.45fg 2.2bc 80.37ef
stress
peS 9w Sorghum  61353.8cd  17540.3bcd  39.21de 0.88b Ibcd 82. 2.27b 2.9a 80.5ef

ol e 70l g 45 I ine gybel ST 0Bl (g 2 0 S it by ol)ls (LSMEANS) las e s y2aS sbapeSilee
Means with the same letters in each column are not significantly different (LSMEANS, P<0.05).

oLS g5 5 Sz 5 Jlo b cow L3 15 5 amallionnglle dgle aign o (nSilis anlie —F Jga
Table 4- Average of malondialdehyde (MDA), chlorophyll and forage protein under effect of
year, drought stress and plant species

] seallgopsll Ay 15 sl (eiis
bl Jolge  Experimental factors MDA Chlorophyll a Forage protein
(umol.g”' FW) (mg.g” F.W) %
Ju Year
1Yas 2016 5.579a 1.29a 9.6a
yag 2017 6.32a 1.08b 9.8a
(S S Drought stress
Jbyg Normal irrigation 4.89¢c 1.34a 8.99b
ko (g Moderate stress 5.97b 1.13b 9.56b
RURU-JAt) Severe stress 6.98a 1.07b 10.6a
oS ey Plant species
LusigS Kochia 5.3b 1.1b 9.82b
@yd Maize 6.3a 1.06b 8.97bc
a3 Millet 5.9a 1.09b 11.89a
095 39 Sorghum 6.2a 1.48a 8.19¢

il oo 10 Jlozl gl 5 s (5 ke] B 03l w0 45 S e B> sl (LSMEANS) Glayye s 08 slonSilie
Means with the same letters in each column are not significantly different (LSMEANS, P<0.05).
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Moderate stress
45 - Severe stress | oo

40 - 36.39
34.26
35 32.1

30 27. 27.6

20 L 17.16

o, Sleae ials ws o
(%) Yield decrease
)

(O
I

Kochia Maize Millet Sorghum

S8 4y Jloy okl Jmalpd a4 S i g edle (St (55 o lod St asle o Sles talS oy oY S
adllas 5,90 LS o
Figure 1- Yield decrease percentage of dry matter in treatments of moderate and severe
drought stress relative to normal irrigation conditions in the studied plants

0.3 —— MKochia O Maize OMillet B Sorghum —
a
g 0.25
= ab
38
¥ §D 0.2
<
51 S 015
To01
0.05
0
Normal Moderate Severe Normal Moderate Severe
irrigation  stress stress  irrigation  stress stress
2016 2017

oLS g5 5 (25 A5 g Jlo (iSen 23U Cod adsle muos (sgime (nSilee Y S50
Figure 2- Average of forage sodium under interaction of year, drought stress and plant
species

5 o b gl e B0 oo gedans s ailice g, b LSMEBANS) Glay o ¢ j5a8 (slocneSilia
Means with the same letters are not significantly different (LSMEANS, P<0.05).
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Table 5- Average of forage yield, forage protein, malondialdehyde (MDA), relative water
content (RWC) and potassium under interaction of year and plant species

Gy 2 ot s (S50
Jle Plant species » ")S'L.”" M; sl . o adgle u-ws;-'
Year oL g9 Fr]isgl:lh};‘?ld (%) (ul\n/i(]))l{xg_l RWC Forage0 A?rotem
FW) (%)

Lbgs Kochia 40166.6d 2.17bcd 4.83¢c 84.55a 9.64bc
1aa &yd Maize 77475b 1.86de 5.87ab 79.34c 7.97d
2016 33 Millet 52733.3¢ 2.02cde 5.87ab 81.8abc 13.29a

0959+  Sorghum 88575a 2.54a 5.73bc 83.03abc 7.63d

LbgS Kochia 41458.4d 1.7¢ 5.76b 84.67a 10bc
\vas @, Maize 53654.4c 2.4ab 6.77a 79.96bc 9.98bc
2017 03 Millet 49329.8cd 1.86de 6.03ab 81.4abc 10.49b

pe5 9w  Sorghum 67728.2b 2.17bcd 6.71a 83.58ab 8.75¢cd

il oo 15 Jleiml mhans (o lo sire g5kl B 8B (gt 2 50 S ie B> gl (LSMEANS) @l o 0 5508 (slopSiko
Means with the same letters in each column are not significantly different (LSMEANS, P<0.05).

S G5 5 Jlo GiSam 58l o5 el 5 o5 g abgle o Shos o Sils duglis 7 Jgu

Table 6- Average of forage yield, row protein and potassium under interaction of year and
drought stress

2 > by adgle (puiigy

Ju Year Drought stress Dry forage Fresh forage :
b i vield yield (5/(0) Forage0 A?rotem
kg.ha! kg.ha!
Joy Normal 25746.79 81856.25a  1.96b 8.27062¢
v irrigation
2016 Mo s Moderate stress 16877.54b 59687.5b 2.093b 9.747500ab
KR Wty Severe stress 15736.38cd 52668.7¢c 2.39ab 10.890625a
Jloy Normal 15529.80cd 60528.3b 1.5¢ 9.719375ab
1rrigation
Yag Mo i Moderate stress 13710.98¢c 54124bc 2.27ab 9.38812bc
2017
RYR Uty Severe stress 11198.03d 44475.8d 2.57a 10.31375ab

il e 10 Jlisl gl 45 o gime 5kl B a3l (gt 2 30 S yie By 6l)ls (LSMEANS) Gilayje o5 208 sl Sils
Means with the same letters in each column are not significantly different (LSMEANS, P<0.05).
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Abstract

To determine resistance of four species forage crops to drought stress an
experiment was conducted for two years (2016-2017) in Kerman — Iran. In this study a
randomized complete block design arranged in a split plot experiment with four
replications was used. Drought stress treatments consisted of normal, moderate and
severes drought levels (80, 130 and 180 mm cumulative pan evaporation respectively)
were assigned to main plots and four forage plant types (maize, kochia, millet and
sorghum) to subplots. Results indicated that with increasing of drought stress, leaf
relative water content decreased but MDA (malondialdehyde) content increased.
Among the four forage plants under study, kochia had the lowest MDA content.
Chlorophyll a under moderate and severe drought stresses decreased by 16.3% and
20.7% respectively, as compared to normal drought. Kochia, in both years and under all
levels of drought stresses, had the highest sodium percent in shoots. Sorghum had the
highest amount of potassium content in shoot, as compared to other plants under severe
and moderate levels of drought stresses. Sorghum produced the highest the forage yield
at all levels of drought stresses and it produced highest fresh and dry (101241 kg.ha™
and 30181 kgha™) respectively under normal irrigation. Increasing drought stress
resulted in the reduction of forage yield of all plant under study but yield reduction in
kochia was lower than the yield of other plants. Millet and kochia with %11.9 and
%9.82 crude protein contents respectively produced higher crude protein contents in
this respect. Based on the results of this study, sorghum produced highest forage yield,
millet good quality forage and kochia was the most tolerant plant to drought stress
condition.
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