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1. Full irrigation

2. Deficit irrigation

3. Fixed partial root-zone drying

4. Alternate partial root-zone drying

Q5 (Titicaca Sajama dJllpa Rainbow KVL52 , L xS
S| e Ol dsle il glay 528 53 NSL106399
mth 5 DT s ey DSy 5 Ol
Y d)l—yjps 5 e okl ol il sl e
oS Sl s S » okl ik slayss 5 (s
ol 53 ialS o (108 48 5l 0L il plonl
S S35 S lsmn (RWE) O oo (5500 (514555,
Jsath sab b @ jos S ke (s (SPAD Laxls)
SYETY DA DY AY e @0 Y) uisolS s, s Jsb
213 DL st |l S LS o) p &S hasy 5o (VY
Loy o3 olS lass, culls i) fuab Jsb 53 &S
J ol slass 4 Cod ol Sl Ao ,s YY 500 (bl
ON) Sl 4l als

pds Sl s A plasil S s 55 hask o
Soll slasd 53 53 S sSs &j Jeilly 53 (ola ome
s 3l Sl eld o b (lleS s ety sy
A SleS ke slasles Jlesl oS 315 0L =l
bl 5305 LS S s (3L SVals 5 (slasss ool
sl oo (LS 4 ol S B 5wty s
Ol 53 W35 S35 2 6503 Sk (V7)) 310 5 5
ol lasles Jlesl a8 sls OLis = 5 A planil Olkes
2> S gl e o s LSJL:”.TVS e R T B
380s 5 Ol G ran L o Shee s ll 0L 0
sl SUS LS ) =4S sk 03 (TA) 30> a3
5 st slagas L 1 aiy, s bl ) e
) Jlas) oS 5l DL mlis bt plonil oS ol ot
35 LSl s sl Culte 2alS 4 e ba sl
iy i okl DET s sskea & Lags 53 .0A)
o=l dlasl a8 sl oL CLJ s flegﬂ Oy S50 Sy 2
5SSy Calta el 4 s JolS olal 4 cnd Sl
0 Gl ol oS s 33 sy

(Cre O95-0055, SAulsdl g g uT Cl_..a 35S



o (Giza-l (3)) 155 oS S5 d 558 Dl p 55kl o s gz

ssbail 5 ;)L*’

Table 1. Mean temperature and relative humidity in the greenhouse.

Mean temperature Les U,K.L,a

WSS s e e oS Month sl
Mean relative humidity in the greenhouse out Uy, in J=ls
75.0 7.2 24.0 March il
79.0 14.5 232 April cz3,5 3
78.0 21.7 23.0 May clgzs )|
76.0 30.1 24.1 June sls =

by phoe Sax (G bl bl (Y s
Fig. 1. a) Full irrigation and b) Partial root-zone drying.
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Table 2. Some physical and chemical properties of the studied soil.
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Fig. 2. Volume of irrigation water applied during growth tages.
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Table 3. Analysis of variance of physiological properties of Quinoa as affected by irrigation management treatments.
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Table 4. Mean comparisons of Quinoa physiological properties as affected by irrigation management treatments.

LSD SoleleS Sl ] SRRkl s U Loles
(0.05) DI FPDR APRD sl FI Treatments
24.6a £ b
07 23.8a(-3.3) 242a(-1.6) 24.5a(-0.4) °C » g sl
Leaf temperature
[Peg “ol
2.3 34.8d (-40.9) 39.3 ¢ (-33.3) 46.7b (-20.7) 589a mmol m? s! Sl ala
Stomatal conductance
S ol
2.6 35.7 ¢ (-28.3) 36.7 ¢ (-26.3) 42.2b(-15.3) 498 a S
SPAD index
0.03 0.13 ¢ (-43.5) 0.14 ¢ (-39.1) 0.18 b (-21.7) 023a a sk
Chla
b Lo
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Chl atb
ab |
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Chl a/b
%o ;f uI . 5 L;ljfoua
5.5 45.4b (-20.4) 45b (-21.1) 49.7b (-12.8) 57.0a ST
Relative water content
umol g leaf FW s
0.16 1.18 a (+24.2) 1.24 a (+30.5) 1.12 a (+17.9) 095b oI

Proline
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Numbers followed by the same letter are not significantly different (P < 0.05); FI: Full irrigation, APRD: Alternate partial root-zone drying, FPRD: Fixed partial root-zone
drying, DI: Deficit irrigation
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Fig. 3. Variation trend of stomatal conductance of Quinoa with time in different irrigation managements;
FI: Full irrigation, APRD: Alternate partial root-zone drying, FPRD: Fixed partial root-zone drying, DI: Deficit irrigation.
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Fig. 4. Variation trend of SPAD index of Quinoa under irrigation moderations;
FI: Full irrigation, APRD: Alternate partial root-zone drying, FPRD: Fixed partial root-zone drying, DI: Deficit irrigation.
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Fig. 6. Variation trend of succulence index of Quinoa with time in different irrigation managements;
FI: Full irrigation, APRD: Alternate partial root-zone drying, FPRD: Fixed partial root-zone drying, DI: Deficit irrigation.
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Abstract

In Iran, the consumption grain of quinoa (Chenopodium quinoa Willd.) due to its nutritional properties has
increased. Due to the Quinoa's ability to grow under adverse conditions (such as drought), the total
cultivation areas for this plant have increased. Climate change scenarios predict extended periods of drought
and this has emphasized the need for new crops that are tolerant to these conditions. The aim of this study
was to investigate the effects of irrigation management on physiological properties of quinoa Gize-1 cultivar
under greenhouse condition. The experiment was done using pot planting based on a completely randomized
design including 3 replications at Ferdowsi University of Mashhad (FUM) during 2018-2019. Treatments
included four irrigation managements, i.e., full irrigation (FI), alternate partial root-zone drying (APRD),
fixed partial root-zone drying (FPRD), and deficit irrigation (DI). Results showed that DI, FPRD, and APRD
significantly decreased stomatal conductance (40.9, 33.3, and 20.7%, respectively) when compared to FI
treatment. Similarly, the greenness index (28.3, 26.3, and 15.3%, respectively) and relative water content
(RWC) (20.4, 21.1, and 12.8%, respectively) were reduced under DI, FPRD, and APRD irrigations
management compared to FI. Conversely, proline content was increased under DI, FPRD, and APRD
treatments (24.2, 30.5, and 17.9%, respectively) when compared to FI. Generally, APRD treatment
recommended for the quinoa Giza-1 cultivar to produce an acceptable yield under greenhouse conditions.

Keywords: Chlorophyll content, Partial root-zone drying irrigation, Proline, Stomatal conductance.

Background and Objective: It is estimated that 30% of the global land surface will experience extreme drought
by the 2090s (1). Drought is the most serious abiotic stress that has a direct impact on crop performance (2). Also
poor irrigation management in the farms will have a significant impact on the decreasing of water use efficiency
of the plant. Introducing new crops that are adapted to environmental stresses is one of the most effective methods
for sustainable crop production and food security in arid regions (3). Quinoa (Chenopodium quinoa Willd.) or
mother of grain is a plant that has drought tolerance and can be grown in these conditions. Drought stress is one of
the important key abiotic factors affecting plant growth and development (such as the quinoa plant). However, to
the best of our knowledge, no information is available about the effect of irrigation with partial root-zone drying
management on quinoa. The present study was conducted to study the effect of irrigation management on the
physiological and grain yield of quinoa in greenhouses conditions. The findings could be useful to enhance food
security in the context of global climate change.
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Methods: This research aimed to examine the effect of deficit irrigation and partial root-zone drying on
physiological properties of quinoa (C.V. Giza-1) at Ferdowsi university of Mashhad during 2019 (winter-
summer). Research Station is located in north-east Iran at 36° 16' N latitude and 59° 36' E longitude. The
seeds of quinoa were planted at a depth of 1.5 centimeters in pots containing a loam soil and were irrigated
with tap water. The experiment was conducted according to a completely randomized design (CRD) with
three replications. Four irrigation regimes including full irrigation (FI), deficit irrigation (DI), alternate
partial root-zone drying (APRD), and fixed partial root-zone drying (FPRD) were applied. For the APRD
and FPRD treatments, each pot was divided vertically into two halves and irrigated. in the APRD treatment
halves of the pot were irrigated alternatively, while in the FPRD treatment method was irrigated only one
fixed half of the pots. In the limited irrigation treatments, 50% water of FI was applied in alternate partial
root-zone drying (APRD), fixed partial root-zone drying (FPRD), deficit irrigation (DI). Stomatal
conductance was measured on the upper fully mature leaves using a portable leaf porometer for two leaves
per plant and three plants per treatment. Leaf greenness (SPAD) index and leaf temperature were determined
using portable leaf chlorophyll meter (SPAD-502) and infrared thermometer (Testo 830-T1) for six leaves
per plant. Chlorophyll a and b were measured by Arnon method in fresh leaves. Relative water content
(RWC) was measured by Naz et al. (4) method. Proline was measured by Bates et al. (1) method. The
obtained data were analyzed using statistical software of SAS (Ver. 9.4) and the means were compared using
LSD test at 5% percent level of significance.

Results: Stomatal conductance, leaf SPAD index, and chlorophyll a/b of quinoa were significantly affected
by the irrigation regimes at 1% level, while Chl a, Chl b, Chl a+b, RWC and proline were affected at 5%
levels. In the current experiment, DI, FPRD, and APRD significantly decreased stomatal conductance (40.9,
33.3, and 20.7%, respectively) compared to FI. Similar to this, the SPAD index (28.3, 26.3, and 15.3%) and
RWC (20.4, 21.1, and 12.8%) were reduced under deficit irrigations (DI, FPRD, and APRD) compared to FI.
In contrast, proline content was increased (24.2, 30.5, and 17.9%, respectively) under irrigation treatments of
DI, FPRD, and APRD when compared to FI.

Conclusion: Based on the results, it can be concluded that quinoa plant growth is favored by APRD and this
treatment is an effective irrigation strategy to increase yield in the drought-prone areas. Overall, APRD
might be a proper approach for sustaining crop productivity in the drought-stressed areas of the world to
ensure food security.
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