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Extended abstract

Introduction

Lack of fodder for feeding livestock is one of the main problems of dry areas, especially in the southern
regions of Iran. In this situation, the climate changes and the decrease of rainfall in the southeast of the
country in recent years, have doubled the important of compatible plants with the potential to produce
fodder in water shortage conditions. Fodder cactus is a drought-resistant plant that adapts to dry and
low-water conditions as a source for fodder production in dry areas. This research was conducted to
explore the effect of drought stress on yield, water productivity, and some agronomic characteristics of
cactus as a new crop in the climatic conditions of Shahmaran region of Kerman, Iran.

Materials and methods

The experiment was carried out in the form of randomized complete block design with four replications.
Three treatments of normal irrigation, moderate and severe drought stress were considered based on
160, 210 and 260 mm cumulative pan evaporation. The cladodes (Opuntia ficus-indica) used for
planting, originating from Tunisia. In each plot, 32 cladodes were planted at a distance of 2 meters
between rows and 1.5 meter between cladodes on a row. At the time of irrigation of each treatment,
volumetric soil moisture was measured at the active depth of root development using a calibrated Time-
Domain Reflectometry device (Trime-FM, IMKO, Ettlingen, Germany). To calculate the fodder yield of
cactus, the cladodes produced on plants in each plot were harvested and weighed. For measuring the
length, width, and thickness of the cladode in each plot, 10 cladodes were randomly selected, and the
average of each trait was finally determined.

Results and discussion

The number of pads produced under the influence of drought stress was significant. The highest number
of pads per plant was observed in the normal irrigation treatment (27.7 pads per plant) and the lowest
in the severe drought stress treatment (15 pads per plant). The maximum thickness of the pad under
normal irrigation condition was 2.4 cm and the minimum thickness was observed under severe drought
stress condition. The main reason in reducing the thickness of the pad in water stress condition was the
decreasing of the pad moisture content.The effect of drought stress on the length and width of the pad,
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was significant. Minimum length and width of the pad was observed with 29.5 and 18 cm in severe
drought stress treatment and the maximum with 37.7 and 24.7 ¢cm in normal irrigation treatment.The
percentage of pad dry matter at the time of sampling was significantly affected by water stress
treatments. The dry matter percentage was the lowest in the normal irrigation treatment with 8% and
the highest in the severe water stress treatment with 12.7%.The weight of the each pad and the yield of
wet and dry fodder per hectare were significant under the influence of different water stress treatments.
The wet weight of the pad per plant was the highest in the normal irrigation treatment with 1245 g and
the lowest in the severe water stress treatment with 870 g. Normal irrigation treatment produced the
highest yield by producing 112 and 8.97 t.ha* of fresh and dry fodder, respectively. The lowest wet and
dry yield belonged to severe water stress treatment with production of 46.77 and 6.05 t.ha.The highest
water productivity for wet and dry cactus fodder was 41.02 and 3.29 kg m-3 respectively, which belonged
to the normal irrigation regime. There was no significant difference between moderate and severe water
stress treatments for dry fodder in terms of water productivity.

Conclusion

Overall, the research results showed that drought stress has a significant effect on fodder yield, water
productivity, cladode thickness, cladode length and width, cladode weight, and crude protein of cactus
fodder. Despite the physiology of the cactus and its resistance to water stress, with the increase of
drought stress, the wet and dry yield, water productivity, and fodder protein content showed a significant
decline. According to the results, reduction of 58.2% in wet fodder yield and of 32.5% in dry fodder yield
were seen in severe drought stress treatment compared to normal irrigation. The average water
consumption was 2507.6 m3.ha. According to the results, in order to benefit from the potential of the
cactus to produce fodder, it is necessary to avoid long-term and severe drought stress. The vegetative
growth period of cactus was mainly found in spring and early summer. With the cooling of the air from
late fall to early March, the plant is going to be entered the stage of growth stagnation. Due to the
evergreen nature of the plant, the fodder of this plant can be used for feeding livestock in the fall and
winter seasons, when there is a lack of fresh fodder. This research determined that there is a possibility
of growing and developing cactus plant as a new plant in Shahmaran region with a subtropical climate.
Also, through cultivation of this plant with low water consumption, part of the fodder shortage for
livestock in Kerman province can be resolved.
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1 g, 9 Olge
2 ladsle GogSlS lls (Gl g 0 Shes (o) 2 glaieay
3 siabeyl (Sas s lals cou ol leals adlaie
WA ol Jbe G Gaw 4 lleals Slaasd ac ) je
dos o8l Gl)ls 039 lyz) adlaie ol x>l (VYA
0P AT gaz 0 VA oLl re Slatke b (g e ,S
bsgie gl b (8,0 Job ad8o OF g az ;0 ¥O 5 Jlot
S GweskS VP alold o by gl I e AT
SSsl ygon il ik g b b 2
o Jloy olal e a5 1S5 ez b olas Jol5
Jly solal Jla aw 09 (St wad A5 5 lawgie
NP olol i 5 4 (i wad 5 g Lawgie (S
eSS I (e S e dee Y7 9 T -
45 397 i y3iS aalllaes jge agiSIS Lite 29y A IS

S 2lewd 9 (S Slasinw N Jgox

Soil Soil

depth texture F.C P.W.P B.D o.C P K EC pH
cm e Yp-------- g.cm3 % e mg.kg?--------- dSm?

0-30 CL 21.2 10.1 1.43 0.58 12 264 3 7.9

30-60 C.L 20.1 9.6 1.46 0.25 7.8 227 24 7.7

PRI o= Cughb X RRWI I N g Cugb, Y
o&iws la

bl 2 bl Al yo 0 50 5587 58 5o j00 O (5
bl zs sy bl S oserse Cugh) S
(Fotouhi etal., 2009) ai acwlze ;5 SYoles

In= (0fc-0i) xd [¥]
Ig= Infe [¥]
V= IgxA []

Cad b o S ez Cagb, OfC daly, pl o aS
Gos A )lnl by, S ez Casb, BT sl
el ol el Gee N (o dee) Aty arwg
AL Gee A (20,0 14) 55kl L # (e die)
S 6okl lp o ol A o ls) kel O
G @8 6yl sl iy O o V(@50 50)
LS e ulp slinyee of pz aslre 5l
oS ladcod ool /0 ez 5iuS dae dw jl eolaill
YV ol slodyd s, ) 4 ol gy Jae 4o

A pSoslasl &S eadoly Ol g caas (6 e o

S92 slojlailey o)kl T e Lot o )Ll Glej o
=) Sabyb s o) drg e Bas B, Sl Cugh, o5
ALl dnngd Fhe (G350 398 g (B8 5 ynS il
Ot obS 0y Jad Jobo )0 eSS slaaisr sl Jedo
W o 5y (63500 3585 9 (B8l S Lagite 00
Boe 0 S oz Lush ) (603l g yie Ll TV
Sloslainl b jlas o (g5lol ploj o 5 ady ) anwgs Jid
Trime-) Joe Time—Domain Reflectometry o5ws
plxl suls o . JS (FM, IMKO, Ettlingen, Germany
28 L Glosee TDR olfiws 0,5 0,8 gl 0l
b atin oSy ) olSis b S aiged VF oz Cash,
b podies (B3, & S (S5 Cagh, d(alizee glacush,
Sleclatul b Sig Casby s g (5 S 05lal oyg1 51 eolal
Lot fosd goz> Cush, 4 S 0l (ogane ()9
o> Cagb) g oalCSE peme Cughb; I eslind
A ol R?20.96 L 5 dlolas oads (6 5o 5l
Y=4.5072¢ 0076 D]



\F-¥ )Léd ‘\A..x.l?“scl))' r’?l‘)° ]a"z;,‘_gu,b;“_;_y

\YY

ok 0)lo2s (2 5 Hske) ADF o (S g gk son
Cadguwiyy o9y & TM Joe S50l olKiws 5l oolazwl b
S 4 oKislesl o (Van-Soest et al., 1991)
Stisel 9 Dlii S50 ools pole Sliio i absle
b onsly g it 0 plonil oS (rebo @l 5 (55 9laS
Model 410, Sherwood ) yiesibeds olSiws 3l oolaul
5 0% slaggeob o sy« (Scientific Ltd, UK
AOAC, ) wd,F 13 o pSolailsyge yiogls VES/D
oKiws Lawg oS oy, b aiges S5 59,0 (1990
Olie e Slp g 08 Sl VY Joo ST S
Sparks, ) cé 5 18 eolatuls 50 FIVD o o pls (uiig
J8le 5 eolaul b Cio yo (5l ool s 45 s (1996
arlio sl 9 28,5 518 il ly a5z 5,50 SAS.9.2
v ;o LSD jls sixe WS o 5031 51 o SSleo

A oolaiwl ds 0 & Jles!

Wy yo o Sue’

Sg1 Lo gme Sl S j.,.:L, S oddander Wy ol
SG o vae YYIY sadades oy olass o iy (¥ Jgo2)
303610 ol ieS 5 Jloy skl Jles 4 3laie gy
oS (F Jgaz) ol svaline (Sis sl (15 jles
2y @)lde S Cush) by Jlew sk jo Zasl 08
Wy oLS Ay 5 oy adg AT lald ol andls
Scalisi ) s o0 aBgio b g b co 2olS 2d Sada
olS jiwgd als Sas e kls e etal., 2016
Friwgd gl 2alS 0y O (o syime (205 s 4
Sl oal 15 S5, l5 sgime ol g olS oaiS
Jds & el (Pimienta-Barrios et al., 2007)
5 0dbo >3 lge el g (g twgid Slge wlg rals
e b 0 da &y adgi g suzme w1 ol (sl
G5 Lo olS Sy (S Cagh; i zes

el 03908 0y 0L olaws ader 4y JolE wual

Fosheo Y7 &okal w235)) > wad G5 les o
Sl &y Culbrs (o St mhw | e S

BUIA C-Ea S RGIR VPR O E S VG I PR SO Y
Ui il slales ),.,La oS S opl Ll olS

<l S gsmias g sloylad (lalojl 0550 ()lal s
Joe o e 7o jlS @ Jladion SlSI G Wyl Lo
Sl g 51l o solal sl 5wl Jitie Siolej]
SrSoilul gl ol solaiul o oo YV jlad 4y olixe
YY g ey, Gled o 50 eddidras O o
Solel Sl s ceal (il o 555 s0e Sy sy s
Slr g ik V7 (sl h Ay Sl oS e sladss
oSz, s oz 3hass LugiSIS st 5y o (5 L
oolazul el jo id g0 2o b oo ol pl a5 el
o7 Zaghy bugle g oadidpas Ol 2> ¥ Jgar

Lol odal (g Lol slass g 4o 1o 6,0l Hley o S

x> gy buwgio LS 4 sud U pae ol pxe> Y Jgu

Gl Cugi 0 50 gy 2 (sl syll olasi s SIS
Table 2. Amount of water consumed per hectare,
average of volumetric soil moisture and number of
irrigations

Number Average of
Irrigation of volumetric soil Water
regimes irrigations moisture consumption
mm % m3.hat
160 14 12.8 2729.2
210 11 11.6 2559.6
260 8 9 2234.2
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Table 3. Analysis of variance for different traits of cactus as affected by drought stress in Shahmaran region of Kerman

Cladode length/ Cladode No.

S.0.vV df Cladode length  Cladode width cladode width thickness cladodes per plant
Replication 3 8.305 1.0 0.013 0.027 17.88
Drought stress 2 70.58™ 46.083™ 0.0281 2.3175™ 166.08™
Error 6 3.8 0.75 0.01 0.01 497
CV(%) - 5.7 4 6.3 6.6 10.7

Aoy gy 9 S Jleisl e jo o e é g e e oS5 4 NS g4

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 4. Mean comparison of different traits of cactus as affected by drought stress in Shahmaran region of Kerman

Drought stress Cladode Cladode Cladode length/ Cladode No. cladodes per
g length width cladode width thickness plant for each year
cm Cm

Normal (160 mm) 37.75£1.43*  24.75+0.48% 1.52+0.052 2.4+0.042 27.75%£1.932
Moderate drought b A .
stress (210 mm) 35+1.082 20.75+0.47 1.69+0.03% 1.42+0.08 19.75+1.1
Severe drought b

stress (260 mm) 29.5+0.86 18+0.4¢ 1.64+0.062 0.9+0.06°¢ 15+1.41°¢

LSD 0.05 3.37 1.5 0.19 0.18 3.8

Values are shown as mean + standard error of mean. Averages with the same letters in each column and each year according
to LSD test at the level of 5% probability are not significant. NS:Not significant
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Table 5. Analysis of variance for different traits of cactus as affected by drought stress in Shahmaran region of Kerman

Dry matter Green mass Water productivity
S.0.vV df yield yield for dry yield Cladode weight Dry matter
Replication 3 3.870" 209.794 0.631™ 11307.63 1.478
Drought stress 2 9.2588™ 4390.94™ 0.50" 150543.75™ 23.3425™
Error 6 0.477 49.32 0.0809 3165.97 0.386
CV(%) - 9.5 9.23 9.86 5.4 6.11
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Table 6. Mean comparison of different traits of cactus as affected by drought stress in Shahmaran region of Kerman

Water
Dry matter Green mass Productivity for Cladode
Drought stress yield yield dry yield weight Dry matter
t.ha™ kg.m?3 ar %
Normal (160 mm) 8.977+0.62° 112+2.972 3.29+0.212 1245+51.8% 8+0.4°
gfg‘:;f;;" droughtstress 765,050  69.27+4.65 2.65+0.26° 9071.24265°  9.75+0.25P
(S;g’grrfw‘f];"“ght stress 6.055:0.67°  46.77+6.82° 2.71+0.3" 870+31.9°  12.7+0.57°
LSD 0.05 1.19 12.15 0.49 97.3 1.07

Values are shown as mean + standard error of mean. Averages with the same letters in each column and each year according
to LSD test at the level of 5% probability are not significant. NS:Not significant
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Table 7. Analysis of variance for quality traits of cactus as effected by drought stress in 2018 in Shahmaran region of
Kerman

S.ov df Crude protein K Na NDF ADF
Replication 3 0.0886 0.1296 0.00011656 2.705 2.5828
Drought stress 2 2.1615™ 76.13™ 0.00610™ 12.707" 11.394
Error 6 0.1523 0.966 0.00009 1.325 3.91
CV(%) 5.1 9.2 10.9 4.32 9.8

Qo gy 9 S il a0l pre il g IS e (55 A NS g e ok
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 8. Mean comparison of quality traits of cactus as affected by drought stress in Shahmaran region of Kerman

Drought stress Crude protein K Na NDF ADF

%
Normal (160 mm) 7.53+0.122 8.05+0.24" 0.069+0.003° 26.49+0.72%  21.45+0.1°
Moderate drought stress (210 mm) 7.9+0.39? 8.2240.22" 0.067+0.004° 27.94+0.22% 20.65+0.16%
Severe drought stress (260 mm) 6.75+0.08° 15.69+0.29* 0.136+0.006® 24.4+0.52°  18.21+0.42%
LSD 0.05 0.674 1.7 0.017 1.99 3.42

Values are shown as mean + standard error of mean. Averages with the same letters in each column according to LSD (Least
significant differences) test at the level of 5% probability are not significant
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