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1- Water Productivity

2- Water Use Efficiency

3- Regulated Deficit Irrigation
4- Partial Root Drying
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Table 1. Some soil physical and chemical characteristics of the study area.

TS Sl _ B 15 b b -
oy Fef SIS S el U8 S A g S
Total N Organic Electrl'ca'] PH Bulk density wilting point Flel(,i Soil texture Soil
%) carbon conductivity o (@ cm’3) %) capacity o depth
%) @ m’) £ %) (em)
5
0.03 0.34 0.7 7.9 111 10.36 21.33 £ 0-20
Loam
0.05 0.51 0.7 7.8 1.10 11.15 21.52 il 20-40
Clay
5
0.04 0.38 0.6 7.9 1.07 11.80 22.36 i 40-70
Clay Loam
0.05 0.48 0.9 8.0 1.09 9.58 2421 il 70-140
Clay
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Table 2. Results of variance analysis (Mean Square) the effect of irrigation and nitrogen fertilizer treatments
on biomass, root yield, sugar percentage and Sugar yield.

A3 s Sles L3 Aoy adsy 3,5 0ks 03533 33l am s e mla
Sugar yield Sugar percentage Root yield Biomass Degree of freedom Sources of variations
skl
9137536** 2.59%* 370606042%* 2179135317%* 6
Irrigation
S5
3034850 0.39 114941266 313639610 2
Block
(bl x S5L) slasl
144201 0.10 5926379 44764222 12 S A b
Error (Block x Irrigation)
s
1443554* 0.33* 60174938%* 313041620%* 1
Fertilizer
(555 x S5k ol
34933 0.007 1360290 2172495 2
Error (Block x Fertilizer)
58 x gkl
79233™ 0.011™ 2341189™ 7826562™ 6 F sk
Irrigation x Fertilizer
oila 3L ozl
106057 0.032 3161456 6828982 12
Residual error
1606996 0.45 64378425 358184281 41 F
Total
(1) &l uas ;
4.69 0.98 4.64 3.49 - s

Coefficients variance
Ao 53 ) a3 s e OV T 5 0o 0 a3 Sl me DTl e OV g pe
" non-significant, * Significant at the 5% probability level (P<0.05), ** Significant at the 1% probability level (P<0.01).

b3 S g W cadyy 5 Shas 03505 2 431355 5 okl sloles 1 Kl amlie Y Jun

Table 3. Mean comparison of the effect of irrigation and nitrogen fertilizer treatments on biomass, root yield,
sugar percentage and Sugar yield.

A3 5 Slas R L alyy s Shes o3 55 s Jole
S;fzrh):_e]:;d Sugar Iz;r);entage 1?;: z;il)d (}?ézr}r::s]s) Treatment Factor
8278° 17.38° 47667° 103255° CI
7497* 17.66% 42505 88058 RDIgs
6614 18.25% 36258 71821° RDIs )
4902 18.78% 26136° 51318° RDIgs .
8133° 17.94%¢ 45369™ 85619° PRDss (lrrigation)
7357% 18.58%¢ 39606° 72345 PRD;5
5854 19.25° 30465% 52206° PRDgs
7133° 18.17° 39483.4° 77676.0° fio0 555
6762° 18.35° 37089.5° 72215.9° fis (Fertilizer)

RYRIRY ﬁ\‘ doys 0 CSE»—/J) Sl gme Sl dtes S i Gy gl a8 galdel Jule a6l s O a
At the same column and factors, the values with the same letter are not significantly different at the 5% probability
level (P<0.05).
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Table 4. Results of variance analysis (Mean Square) the effects of irrigation and nitrogen fertilizer treatments
on water productivity and water use efficiency indexes of biomass, root and sugar yield.
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_ _ B B Degree o ..
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WUE(SY) WUE(R) WUEB) WP(SY) WPR)  WP(B)
6)@.]
0.05%* 2.70% 23.20%% 0.06%* 2485 15.32%% 6
Irrigation
S5l
0.09 333 833 0.04 1.50 3.87 2
Block
(bl x S 5L) sl
0.005 0.18 1.10 0.002 0.08 0.52 12 Sl Skl
Error (Block x Irrigation)
0.045% 1.82% 9.4 0.02% 0.80% 421%* 1 »
Fertilizer
( Sl bl
0.001 0.035 0.08 0.0005 0.02 0.03 2 255 S ek
Error (Block x Fertilizer)
Ll
0.003™ 0.08™ 027" 0.001™ 0.04™ 011" 6 e
Irrigation x Fertilizer
o3t oLz
0.0035 0.1 022 0.0017 0.045 0.095 12
Residual error
0.015 0.7 448 0.0124 0.498 273 41 &

Total

) ol s ;
5.07 4.90 373 522 4.87 3.63 . R s 2

Coefficients variance
o3 ) a3 s e OV T 5 0o 0 a3 Sl me DT Gl e OV s g
non-significant, * Significant at the 5% probability level (P<0.05), ** Significant at the 1% probability level
(P<0.01). WP (B), WP (R) and WP (SY): water productivity indexes of biomass, root and sugar yield, respectively.
WUE (B), WUE (R) and WUE (SY): water use efficiency indexes of biomass, root and sugar yield, respectively.
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Table 5. Mean comparison of the effect of irrigation and nitrogen fertilizer treatments on water productivity
and water use efficiency indexes of biomass, root and sugar yield.
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WUE (SY) WUE (R) WUE (B) WP (SY) WP (R) WP (B) Treatment Factor
(Kgm?) (Kgm*) (Kgm*) (Kgm*) (Kgm*) (Kgm*)
1.22%® 7.02° 15.20° 0.85% 4.87" 10.55° Cl
1.223% 6.94" 14.38® 0.83" 4.70™ 9.73% RDIs
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1.14° 6.24° 12.11° 0.77° 421° 8.17° frs Fertilizer
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At the same column and factors, the values with the same letter are not significantly different at the 5% probability level
(P<0.05). WP (B), WP (R) and WP (SY): water productivity indexes of biomass, root and sugar yield, respectively.
WUE (B), WUE (R) and WUE (SY): water use efficiency indexes of biomass, root and sugar yield, respectively.
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Abstract

Background and Objectives: Considering limited water resources in arid and semi-arid
climate of Iran, deficit irrigation is one of the strategies for efficient use of water, increasing
water productivity and water use efficiency in agricultural district. Regulated Deficit Irrigation
(RDI) and Partial Root Drying (PRD) are among deficit irrigation methods aiming to limit using
of irrigation water. PRD is a new approach for irrigation management due to increasing water
use efficiency and non-significant decreasing yield. The objective of this study was to
investigate the effect of different levels of irrigation water and nitrogen fertilizer on water
productivity and water use efficiency of Sugar beet.

Materials and Methods: This research was conducted in the agricultural land of Karafs plain
on Hamadan province, at latitude 35° 18 N, longitude 49° 20 E and altitude 1915 m above sea
level. This study was conducted in a split block with a randomized complete block design. In
the main blocks Irrigation levels included: Conventional irrigation (CI), three levels of partial
root drying: 85 (PRDss), 75 (PRD7s) and 65 percent (PRDgs) and regulated deficit irrigation at
three levels: 85 (RDlIgs), 75 (RDIs) and 65 percent of the crop water requirement (RDIgs). Also,
in the sub blocks two fertilizer levels were applied: 100 (fio0) and 75 percent of fertilizer
requirement (f7s).

Results: The results showed that the impact of irrigation treatments on water productivity and
water use efficiency of all studied traits were significant at one percent level (P<0.01). Also, the
effect of fertilizer treatments on water productivity and water use efficiency of biomass at one
percent (P<0.01) and other traits were significant at five percent level (P<0.05). Interaction of
the irrigation and fertilizer treatments was non-significant. CI irrigation treatment had the
highest water productivity and water use efficiency of biomass (10.55 and 15.20 kg m>,
respectively). But didn’t have significant difference with PRDgs treatment. Maximum water
productivity and water use efficiency of root (5.01 and 7.14 kg m™, respectively) and sugar
yield (0.9 and 1.28 kg m>, respectively) belonged to PRDg; treatment. Water productivity and
water use efficiency of all traits on fertilizer treatment of f;o) were higher than f3s.

Conclusion: The results showed that water productivity and water use efficiency indexes of root
and sugar yield of PRDgs irrigation treatment was more than other irrigation treatments. Due to the
non- significant differences between the PRDgs with CI treatment in terms of root and sugar yield
and also saving 15 percent of water irrigation in PRDygs treatment, under such study conditions,
applying PRDgs treatment is recommended. Also, fio fertilizer treatment was root yield, sugar
yield, water productivity and water use efficiency indexes of biomass, root and sugar yield more
than f35 treatment. Therefore, PRDgs and fiqy were selected as the best treatments.

Keywords: Biomass, Partial root drying, Regulated deficit irrigation, Root yield, Sugar
percentage
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