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2- Full irrigation
3- Partial Rootzone Drying
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Figure 1- a: Full Irrigation, b: Partial Rootzone Drying
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Figure 2- Sample of planted crops in pots
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Tablel- Chemical properties of used water
Chemical properties o boss <baS 5

ui ColS

L EC»s  HCOs SO4 Mg Ca K Na Cl
Water quality  pH 1o/ (meg/l)  (meg/L) (meg/l) (meg/l) (meg/l) (meg/l) (meg/L) SR
Freshwater oo o1 8.2 12 7.8 17 28 44 0.6 4.1 24 173
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Table 2- Some of chemical and physiological properties of Soil

SB el S eyl AL J& o, S o
Soil texture  PH  Electrical conductivity Bulk density Clay  Silt  Sand
dsm? gem3 %
(S1) (ow) st 7.85 1.25 1.34 42 50 8
(S2) g 7.58 1.46 1.1 30 33 37

(S3) s pd  7.64 1.35 1.47 16 30 54




Qg o Shas (gl g0 Shos p cudlS i 9 Ay ity 55kl 51

P e olS (0, Shae slinl g (3, Sas Clao il yly 4550
i By qole LSy cilS s oy (8) Joi>
(2o plisl y5g i (59 Bl yad igy sl caliw dlus
Cho g doyd SO ! mdaw 50 &l Jla 59 5 il 3 Sas
Ored b I e 103 B Jlets] a3 aliw bawgie Jobo
02y 9 Jsb 5 bl slagiy) Jgie ol s bl
3ySdes (2lon il (g it (g caBlu oS &gy g5l el
P aliw ol g oy S i maw (0 &b e 59 5 4l
sle gy 45 Cul )5 4 p3Y W Hb bz 1o yd O Jlois] s
aS Canl oyl (6boS ol i Iy e ols a5Ls slaw p gL
5 43 Slos calgn plul (g alin (g sy glB5)) p Ll
Al o Jg b Jhsee 20> S bl e )3 &byl 5
WS 3 gme (o) 3590 Sliso

s ys53e wlivo 3 PRD jles 4 cons FI jlag (S 5
ool 0 Loy plw do Cond St s Lyl 5 039 Gl
il Wl e ol > 48 w039 Sl palie ol Slaw
Jools gy (15 Lyl 53 olS by o] Jiae ol g o i
35 el slagbs,  Jolo ol 43k PRD gy & sl
ey 3 0lS (2l 5 5l e i PRD g, )5 4l s &
S 08k o)y G Slg e 098 4B S e B T L o o]
Ll ol b Mgt 45l (sl 5 420 (6)loloS Ll ol 3 oS
UP9)y 40 Comd Sy drnwgd g Sy oliad bl Atily i job
A G 93y53 0 e S5 2 M 355 o 01 aS Fl
byly b 0 500 @)le d g (IS o ol &S cwl s
g o> JralS ]y Sy o Sl 355 (haladijg) (L olS 5
03)95 0y M3 (EAlS g g (EalS Jdse ol 3,5 lals
JB Slio ool (ials gy ol 198 o0 olS A8y (Al 4 odie
S Slio 381 > aSulan dog b Bk 5l uil 0 g
ol gyt & by sl

ey JHlite 1 (1 Joiz) b nSle duglie Jouo b ollas

S o)l ol 5l s gy )y S ilise (sl 5 )l
5 (rtes8low A1) SIFL Lo > o ol 1 e Oyt
Wb e (e 5le VEIY) SsPRD e )5 ()] o)liee o yieS
9 SIFl slajlos pm a8 ol ool oaad i @l picen
elis)l Cho 1 4oy B paw d (g)lol I dxe glis S,PRD
L SaFl a2, 5 o alan Mo (V) Jodo b ollas 23,005 3929 &5y
hls (555 YMY) SIPRD jlos g oy (sl p,5 YY/A lsce
o3 Lt gl (imen gr alsp pll 5 0y (liee (S
SiFl jles jo ash 0y Sloe g &l jlia 59 oy oS Canol ()
Joas > i ) ol a8 5 (5 YVIY 5 ¥IF L i )
Jodn wlel b saalin (p)5 V0/A 5 Y/V L i) SsPRD
duslie oy wyp dy50 slajlog el 5l oaad lis oS (¥)
o Jnsi 3 55 ol ] 35 e et ol S
Wlio ,38T 5 0 d sdaliie G ST 43 £, 5 YV L (S3) cuis
ABlge St S i ot Glan SB bl b I e oy
0 Jlois) gdaw 3 Sz 9 St jlews oo (ol 4315 i Cudo
2 e Sl odaliie  Jold b 1,Sle dunlde Hlas 5l o
s 5> 395 (S1 524) byl (ol (3 3 el Iy o
O e 5 Al Dlawi g oy Caduo )DLl bles Ao yd O
bl Ho ixe glis Sz 9 S (glaylows (w9 S35 S2 (sl
O g0 A4S 0 L ioed guls Wi sdalie doyd O maw
S FI Uiy (dlios 039 o) Slio S 50 )bl o) sl e
A Coud &85 0 18 ] LSl )3 JelS jeboay olS 5l 3590 O
Oy 303 Oyl Cunl B 1) Glise (e PRD o
YIY) dicws (o s o po siluw VVA) diw Job Cino jo lado
2 (o Bl +/5Y) a8l ylad (dae B/F) dliw dlaw o o ko
Jads 55 o 1) ol Lolel 5 .l o samlie Jolio (o)l

1925 0l (53, 8h0s 9 (5ud; Olio 2 (55lul (g 9 S L Julle O 5T (ke dmmlie Y Jga
Table 3- Mean comparison of interaction of irrigation methods and growing bed
on growth and yield properties of Quinoa

Syl Sl 2,132 059 wboles  algp el njy  Aliw o9 Ew)!
Treatment 1000 kernel weight  Grainyield  Shoot weight  Panicle weight  Plant height
S1FI 433a 2122 a 21.97b 28.19b 9298 a
S2FI 37e 17.98 e 20.35d 23.79d 87.19b
S3FI 4.24b 20.8b 23.82a 23.82d 77.09d
S1PRD 3.92¢c 19.19¢c 18.71 f 21.82e 79.14c
S2PRD 3.85d 18.77d 21.29¢ 25.72¢ 91.97a
S3PRD 3.3f 1595 f 19.67 e 28.88 a 76.3d

ol 8o yd O o 3 (gl ize pas Kby gt jd S pido g >
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 4- Mean comparison of yield and yield components of Quinoa plant

é o pe 3 -
¢ o ) o
& 5& 8%y 2 9. &8, 3F :f g 2%
Solow WS 5 3= £ 27 %‘E 2 Af T ¢ © =) E K
2% s> 2t & 2. © ot 3
Treatment o 3 & 3¢ 2 2 2 =% T S
s ) G e g = 3§ = 2% 3
RS o 5 C Q = =3 T & & % =1 o §.
& =% = - e = =
> =
—+
(S1) sy (st 3.78b  184b  217a  2634b 057b  76.7c 45b 2.9b 10.7b 45b
(S2) (o) po) 378b  184b  208b  247c  059b  896a 6.0a 30b 10.8b 72a
(S3) s pgl 412a  202a 20.62b 27.09a 075a 86.06b 6.0a 34a 119a 6.5a
FI Jglo ()bl 4.04a 19.7a 214a 25.2b 0.67a 84.35a 54a 33a 118a 5.8a
PRD a&y, i sl  364b  17.7b  204b  264a  06lb  8253b  48b 29D 10.5b 51a

Gl 3o)d O s 3 (I ize pas Sl g ;3 S yidie By >

Numbers followed by the same letter are not significantly differentns (P<0.05)

1S 8L 3,5dos (g13a1 9 3,5Sdas b bai po Oloio il ylg 45505 0 Jouo
Table 5- Analysis of variance of yield and yield components characteristics of Quinoa

©lape nSbe
=
S w & 3 > i) )
O puts 2alio a0 © & @ ¢ S e 2 o 3 5 @ o w
‘ A& Be 8% 3E G B sf 2 2 %%
Source of Sl 3% 5o 2, 2t & }i‘ 2 Pg_ = 3 St B¢
variation df 22 5.? & = c &b 3¢ 22 =% 3o S
«Q - & =3 @ > =2
2 -
Skocd - . . . . . * wox * .
] &l 2 0.3 6.7 3.2 4.4 0.06 266.2 45 0.4 2.7 115
Soil texture
. “”_L”' 9 0.7 18.7 20.9 0.2m 0.02 48.5 2.7 0.8 5.6 6.7
Irrigation method
Obgy # S cdl
! 2 05 119" 111* 523" 0.0002" 137.1" 04™  0.002 03" 15m
Soil texture *
Irrigation method
. 12 0.001 0.04 0.1 0.1 0.002 1.1 0.5 0.01 0.2 1.0
Error
u"g\;"’"’ 1.8 1.9 1.6 2.9 7.8 1.2 12.8 33 3.9 16.5

&b sme pac ™ g (significant at 5 % levels) oy 0 Jlasl pmaw )3 (5l iz * (Significant at 1 % levels) ao s G Jloas! mdaws )5 (g)ls ime **
(non-significant)
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Introduction: Since the agriculture is the main water consumer, it is necessary to increase water use
efficiency. As a management practice, deficit irrigation strategy is applied to cope with water shortages,
especially during drought periods. A greenhouse experiment was conducted to investigate the impact of water
and salt stress on Quinoa plants (Chenopodium quinoa Willd.), Aly et al (2) showed that quinoa plants can
tolerate water stress (50% FC) when irrigated with moderately saline water (T1 and T2, respectively). The
results of some studies showed that Amaranth was the most responsive plant to water. Quinoa showed the best
performance in the treatment with the upper-middle water level among the other evaluated species. Millet
showed thermal sensitivity for cultivation in the winter, making grain production unfeasible; however, it showed
exceptional ability to produce biomass even in the treatment with higher water deficit. Water stress can affect
plants by reducing the plant height, relative growth rate, cell growth, photosynthetic rate, and the respiration
activation. Cultivated plants have several mechanisms of adaptation to water deficit, but the responses are
complex and adaptation is attributed to the ability of plants to control water losses by transpiration, which
depends on the stomatal sensitivity and greater capacity of water absorption by the root system, among other
factors. In PRD method, half of the root zone is watered and the other half is kept dry intermittently. The
objective of this research was to study yield and yield components of Quinoa (Chenopodium quinoa Willd.)
Titicaca cultivar, using PRD irrigation method in three growing bed, under greenhouse conditions.

Materials and Methods: This research was conducted to study the effects of water stress on yield and its
components of Quinoa under the different growing beds in the experimental research greenhouse of Ferdowsi
University of Mashhad during 2018. Titicaca cultivar of Quinoa was planted and experimental design was
factorial, based on complete randomized design and three replications, included two irrigation managements (FI,
full irrigation and PRD, partial root-zone drying method) and three levels of growing bed (S;, silty clay, S, clay
loam and, Ss; sandy loam). Research station is located in north-east Iran at 36° 16' N latitude and 59° 36' E
longitude and its height from sea level is 985 meters. The seeds of Quinoa were planted at a depth of 1.5
centimeters in the soil of each pot and were irrigated with tap water. Plants were harvested after 4 months and
plant height, branches number, panicle number, thousand kernel weights, grain yield, biomass; steam, leaf, and
panicle dry weight panicles were measured. Physical and chemical properties of irrigation water and soil were
determined before the beginning of the experiment. The obtained data analyzed using the statistical software of
SAS (Ver. 9.4) and the means were compared using LSD test at 5 % percent levels.

Results and Discussion: Results showed that the highest plant height (84.4 cm) was in FI treatment and the
shortest plant height (82.5 cm) was in PRD treatment. The highest and the lowest 1000 kernel weights and grain
yield were measured in FI (4.0 and 19.7 g per plant) and PRD (3.6 and 17.7 g per plant) treatments, respectively.
With a 50 % reduction of water in PRD compared to FI treatment, 1000 kernel weights were decreased by 9.1%.
Grain yield was decreased by 10.2% (changing from FI to PRD). The highest and the least grain yield (20.2 and
18.4 g per plant) were obtained in S; and S5 soils, respectively. Silty clay soil with 1000 kernel yield of 4.12 g
had higher than clay loam and sandy loam soil, which produced 3.78 g and 3.78 g, respectively.

Conclusion: In general, the effect of the PRD irrigation method on reducing water use in the greenhouse
production of Quinoa was positive and recommendable. Silty clay soil with 1000 kernel yield of 4.12 g had
higher than clay loam and sandy loam soil, which produced 3.78 g and 3.78 ¢, respectively.

Keywords: 1000 kernel weights, Deficit irrigation, Greenhouse conditions, Panicle and grain yield, PRD
method, Quinoa
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