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ABSTRACT

Due to climate change and increasing of water demand for agricultural productions, optimum use of water resources is
necessary. In this experiment, the effects of partial root zone drying (PRD) along with shading were investigated on growth
and water use efficiency of 2-year old sour orange seedlings in Ramsar, northern town near Caspian Sea, Iran. The pot
experiment were assigned to a completely randomized design and were treated during seven months in 2015. Treatments
were full irrigation (FI), partial root zone drying (PRD), PRD along with moderate shade (MShPRD) and PRD along with
high shade (HShPRD). Irrigations water volumes were determined on the basis of soil moisture deficiency. Water
consumption reduction relative to FI treatment for PRD, MShPRD and HShPRD treatments were 29.6, 36.2 and 39.2
percent, respectively. Mean comparion indicated that trunk diameter, dry weight ratio of root/total plant and root variables
(dry and fresh weight, volume, length, area and length density) in HShPRD were significantly lower than those of other
treatments. Also, total dry matter and volume and weight of stem and branches in HShPRD were lower than those of full
irrigation treatment. Dry weight ratios of leaf/total plant, shoot/total plant and shoot/root in this treatment were higher than
those of other treatments. Treatments had no significant effect on leaf variables, plant height, branches length, root diameter
and specific root area and length. In conclusion, the highest irrigation water use efficiency was observed in MShPRD, but it
had significant difference only with full irrigation.
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Table 1. Rainfall, evaporation and temperature during
experiment period in 2015

Rainfall (mm) 392.8
Evaporation (mm) 945.6
Maximum temperature mean (°C) 28.8+6"
Daily temperature mean (°C) 10+23.7
Minimum relative humidity mean (%) 13.6+56

* Mean + standard deviation
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Table 2. Used water for irrigation of a seedling in
each treatment

Treatments™ Water use
(mm)
FI 649
PRD 457
MShPRD 414
HShPRD 394
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* Full irrigation (FI), Partial root zone drying (PRD), Medium
shade+PRD (MShPRD) and High shade+PRD (HShPRD).
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Table 3. Means + SE of leaf variables of a seedling in each treatments

. Leaf dry weight Leaf fresh weight Leaf area
Treatments 0 © (cm?) Leaf number
Fl 31.4+4.4 79.2+4.7 2493+260 13219
PRD 25.6£1.3 64.7£4.3 2224+300 110+13
MShPRD 32.7+2.3 79.845.5 27861246 13715
HShPRD 32.6+4.8 69.7£7.3 2689+258 115+13
ANOVA ns ns ns ns

My g basgie gjllasl b ol o aty ) 4ol FuSiso)ly Lo 59 5 (PRD) aty,) >l FaSiso)l o LolS o Lol 5

(P12 0) oy B mhaw ;o o s Sglad gy NS

* Full irrigation (FI), Partial root zone drying (PRD), Medium shade + PRD (MShPRD) and High shade + PRD (HShPRD).

ns: No significant difference in level 5% (p<0.05).
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Table 4. Means+SE of a seedling's stem and branches variables in each treatments

T + Height Trunk diameter Fresh weight Dry weight Volume Total branches length
reatments 3
(cm) (mm) () () (cm’) (cm)
FI 119.2+4 12.1+0.5a 79.245.0a 40.5+1.9a 88.5+4.1a 163.7+£23.5
PRD 110.3+7.9 11.0+0.5a 60.9+2.9ab 32.3+1.4ab 69.1+3.6b 133.3+£26.1
MShPRD 111.5+6.1 11.3+0.3a 70.7+6.7ab 37.1+3.5ab 77.9+6.8ab 177.3+19.8
HShPRD 119.3+2.2 9.6+0.3b 55.0+5.0b 28.8+2.6b 63.945.6b 159.2+18.2
ANOVA ns ** * * * ns

M g Lawgio s3lululo b ol yon 4t 4ol ( FauSido)ly jlas 90 9 (PRD) &y 4ol (FasSaso b ol 55kl +

Casla )] o e Sl Sl (laedls slo s > b sl p Sl gt 12 55 . 5] 050 5 oy ) 50 mhaws [0 lo ixe glis S g e
+ Full irrigation (FI), Partial root zone drying (PRD), Medium shade+ PRD (MShPRD) and High shade+PRD (HShPRD)
*, ** ns: Significant differences in levels of 5 and 1% and no significant difference, respectively. Different letters within the same column indicate

significant differences.
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Table 5. Root length, volume and weight means of a seedling +SE in each treatment

Treatments® Root dry weight Root fresh weight Root voslume Root length
(9) (9) (cm’) (cm)
Fl 60.5+5.0a 84.5+8.5a 89.4+8a 19021+2186a
PRD 55.3+3.5a 72.5t4.7a 84.0+8.6a 17481+1253a
MShPRD 52.6+5.3a 72.2+9.0a 81.3+8.2a 16482+1614a
HShPRD 32.9+1.8b 45.8+2.0b 52.9+3.3b 10951+478b
**% *% **k **

ANOVA

Y g dawgie gilalalo ol jpon aiy ;) 40l SaSase )l jlas 9 9 (PRD) 4y, &b SouSiso by ¢ JolS L_;)Lt..fl+

Cesla ] o (gl cme S5 Sl (lasdls sl > (g1l slo i SKiloo gt 8 30 o0 ) mhaes [0 o ire Sglis e
+ Full irrigation (F1), Partial root zone drying (PRD), Medium shade + PRD (MShPRD) and Highshade + PRD (HShPRD)
** Significant differences in levels of 1%. Different letters within the same column indicate significant differences.

Sialesl laslegs ;o Jlod S (SEX) aty 855 el 5 0525 Jobo o515 )b crhans (sl (eSilee .7 ooz
Table 6. Means of root area, diameter,root length density (RLD), specific root length (SRL) and specific root area
(SRA)+SE of a seedling in each treatment

+ Root area Root diameter RLD SRL SRA
Treatments (cm®) (mmx100) (mm. cmsoil) (m.gh) (cm*.g™)
Fl 4608+443a 7.55+0.17 26.4+3.0a 3.14+0.2 76.0+2.1
PRD 4286+358a 7.28+0.07 24.3+1.7a 3.15+0.1 77.2+2.4
MShPRD 4096+398a 7.42+0.13 22.9+2.2a 3.12+0.1 78.1+2.3
HShPRD 2694+125b 7.30£0.12 15.2+0.7b 3.37+0.2 82.4+3.3
ANOVA *x ns *x ns ns

YU g Lawgie g3lulaslo b ol s ad, &mb  SouSido)l L 93 5 (PRD) iy, &>l  SFuuSiaso b (oS 5 Ll +

Cosla )] o e glas (il ¢yluodl (slod > b slonSiloe (gm0 50 0] 990 g a0 0 ) mhans [0 lo ire gl ol ey NS g s
+ Full irrigation (F1), partial root zone drying (PRD), Medium shade + PRD (MShPRD) and High shade + PRD (HShPRD)
** ns: Significant differences in levels of 1% and no significant difference, respectively. Different letters within the same column indicate significant

differences.
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Figure 1. The dry weight ratios of shoot and root to total plant weight in full irrigation (FI), Partial root zone drying

(PRD), Medium shade + PRD (MShPRD) and High shade + PRD (HShPRD). In each variable,different letters
indicate significant differences between the treatments.
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Figure 2. The dry weight ratio of shoot to root in full irrigation (FI), Partial root zone drying (PRD), Medium shade + PRD
(MShPRD) and High shade + PRD (HShPRD). Different letters indicate significant differences between the treatments.
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Figure 3. The dry weight ratios of leaf and stem and branches to total plant in full irrigation (FI), Partial root zone
drying (PRD), Medium shade + PRD (MShPRD) and High shade + PRD (HShPRD). In each variable, different
letters indicate significant differences between the treatments.
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Figure 4. dry matter of a seedling in full irrigation (FI), Partial root zone drying (PRD), Medium shade+PRD (MShPRD)
and High shade+PRD (HShPRD). Different letters indicate significant differences between the treatments.
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Figure 5. Water use efficiency (WUE) in full irrigation (FI), Partial root zone drying (PRD), Medium shade + PRD
(MShPRD) and High shade + PRD (HShPRD). Different letters indicate significant differences between the treatments.
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