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6- Partial root-zone drying
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Table 1- The properties of farm soil
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Soil Depth ~ Soil Texture Field Capacity PWP Bulk Density
(cm) (%) () (g/cm®)
0-20 SLpg e 27.90 12.20 141
20-40 SLpy e 29.60 12.70 151
40-60 SLpg e 26.60 13.30 1.45
60-80 SLpg il 26.50 12.80 142
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1- Irrigation Water Productivity
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Table 2- The depth of irrigation water in treatments and percent of water saving
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Sy Jud &bl U duglio 45 O Slow Jlos! ol b dnglio 45 Of
Jos Conumption. FE  sumptionin SE
Treatment (mm) Water Cons_umptlon period of Water Cons_umptlon
reduction . reduction
Compared with FI conducting Compared with FI
(%) treatment (%)
(mm)
@bl o, I‘f:gj;;
Irrigation Method Level

FI 100 832.0 -— 590.7 —
DI 80 7139 14.2 472.6 20.0
60 595.7 28.4 354.4 40.0
100 832.0 — 590.7 —
PRD 80 713.9 14.2 472.6 20.0
60 595.7 284 354.4 40.0
100 832.0 -— 590.7 -—
FPRD 80 713.9 14.2 472.6 20.0
60 595.7 28.4 354.4 40.0
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Table 3-The results of mean comparison of the effect of irrigation level and deficit irrigation method on yield

Sl FadgedSlos Sb dglesSlos gylul Of (55900
Treatment Fresh forage Dry forage yield Irrigation Water
yield (kg/n) Productivity
(ka/h) (kg/m?®)
&bl aw 100% 72099 a 16813 a 2.02 b
Irrigation 80% 64120 b 15306 b 214 a
Level 60% 51356 c 11846 c 1.99 b
bl Lo, DI 66792 a 15581 a 212 a
Irri gati on PRD 65009 a 15125 a 2.19 a
Method FPRD 55775 b 13260 b 1.85 b
100% 76480 a 17590 a 211 bc
]| 80% 64845 b 15374 b 215 b
60% 53703 c 12409 d 2.08 bc
Jolize il il 100% 74200 a 17066 a 2.05 c
Interaction PRD 80% 70723 ab 16847 a 2.36 a
Effects 60% 55453 c 12829 d 215 b
100% 65618 b 15782 b 1.90 d
FPRD 80% 56793 c 13698 c 1.92 d
60% 44914 d 10299 e 1.73 e

Cawl P<0.05 Jlozsl L slacl O )L\u).u M| dgg pis (goddd LS (i y 40 ub&; By
Same letters at each column are indicating not significant difference between numbers at probability p<0.05
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Table 4- The results of mean comparison of the effect of irrigation level and deficit irrigation method on leaf area index

S Jol al> 5o P93 A 50 pgwdlaye oyl dls s

Treatment First Stage Second Stage Third Stage Fourth Stage
bl o 100% 377 a 615 a 4.84 a 320 a
Level 60% 342 a 34 c 2.54 c 2.60 c
bl Lo, DI 363 a 506 a 3.95 a 4.03 a
Irrigation PRD 3.66 a 5.28 a 4.13 a 3.32 a
Method FPRD 353 a 437 b 3.30 b 1.83 b
100% 38 a 646 a 5.10 a 425 a
Dl 80% 363 a 525 b 4.10 b 3.40 b
60% 339 a 345 c 263 cd 193 de
lize il 1 100% 380 a 624 a 4.92 a 410 a
Interaction PRD 80% 366 a 6.08 a 4.79 a 3.98 a
Effects 60% 351 a 353 c 269 cd 206 d
100% 3.65 a 5.73 ab 4.50 ab 3.74 ab
FPRD 80% 357 a 404 c 3.1 c 2.56 c
60% 337 a 335 c 2.29 d 1.50 e

Cawl P<O.05 Jlass | b slael oy I pixe NS 3425 pis (goiad LS giw o 50 s (g y>
Same letters at each column are indicating not significant difference between numbers at probability p<0.05
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Table 5- The results of Pearson correlation test between yield and physiological traits

Fresh yield (kg/ha)  Dry yield (kg/ha)  Stomatal C (mmol/m?s)  SPAD LAI

Dry yield(kg/ha) 0.942"
Stomatal C(mmol/ mZ.s) 0.805™
SPAD 0.784"

LAI 0.971"

RWC (%) 0.997"

0.880"

0.795" 0.642"

0.953" 0.820" 0.788*

0.944”" 0.809™ 0.782" 0.976™

Lt duoyd S s 53 (Sisod ()1 gime ouidd (L /o8 3l 5 S5 culps waw



FYV o Sa3elan 508 sl ptally 2 ey (a8 ()Ll o8 9 ouds il (65l 1 (o 2

Ot e 5 St aaly oaind (LS (Kinor 4o
Ol (D Jgaz) g1 adgle 3,Slas g 020 Sy (e O (Slsie
2ol o Sials cuw ((Sois ulys S OT Lely
lyima SialS 53,5 o Sy s O (lgie ialS s
Fwgd il Toles 5 clajg) culin (ol o 398 s
O L agelye )3 g Ol (sl (1Rl (YY) 225 0 oS
iyl b 03 3)Slas b (o Cuto (Stnen 5 (SiS
SolaloS o 0sd (5155 izman (WY 5 A) Casl 005 (3155 55
Ol Jeasly bads s Lo 459 (5 ditan > & ey a8l
So B2 ol @l L 48 23,5 o ol sl (95
bl

(mwl) Judg b5 pad L

ua>l_w o= Lﬁ')bu—;’w usLn.» d)]b)_ﬁt_sw d.l>).o O‘Js‘ 2
F?J ‘5)\.3)_»449“ ).) ) b.\.ﬁsl.mm u.L.’?Lo dhb)‘.o.u A_?)J J.«Ba)lg
Oy e 4 &S 2Bl il b jlas den > b )lS jasli
Lo doyd Fr el glaylas 4 bgyyo (EalS oy iy g Sy
5505 olia 0 590 FPRD 505 iy ()l (sloiy o
PRD gy Jlosl Lol 5,8 myuis |y Sy by Loy gﬁ oS
(Y Jgi2) 3,5 551y (o 9,

3o GhalS 1) S s (a3l 5 oad Sl ) 5 S
Ol 145y Colin ials’ sk 5l olS PRD (g 5 (V7)
503, Lds (6L s 3 1) (agwl) S5 (a3 g sriwgid
3y Sas 5 Sy o (a3 Ld o ine LS Sl s nl &
0 Ld e () (e g Cste (Stuan (0) S (o 35 g

(B Jgi2) 15 oaalie gl 5 Slac 5 5

0355 5 (5Ll O (i Sl Sl gyl ypisas Ao s ol o
8 o)l Yo lalS o2 Sy bgrpo (oo ol Slsime
e P PRD jlay i Ol gl oo (o)l ixe glds g
2 bl gy JolS d)L,j S b ol sy Ae PRARRY
s el 728+ Jlo )3 oo Sllgize &5 (6yob 4 A5 (s O
15 ) b (inl ey ¥V sl f 71+ o &y s
pbat Lol 39y 0 Lo Ol lgime o () sime oglis
bl Jlos! Lol wis oanlio yuiio jobody audyy (a8l (g)ll g o
A g Ol (gl GEalS o ol &0y ady) aBl
{# Jg)

ladole &3 i T slgioe 1 (g kS Jlos! (g, 5 5okl b 11 (uSlke anmlilo T Jgo
Table 6- The results of mean comparison of the effect of irrigation level and deficit irrigation method on leaf relative water

content
o Jgl > 5o P93 dl> 5o pogw dapo o,k ds e
Treatment First Stage Second Stage  Third Stage  Fourth Stage
&bl aws 100% 75.91 a 85.76 A 75.51 a 72.78 a
Irrigation 80% 74.32 a 77.90 B 67.15 b 64.39 b
Level 60% 7150 a 7182 C 52.74 c 50.16 c
Sl Ubsy DI 7415 a 7892 Ab 6704 a 6327 &b
Irrigation PRD 7436 a 8157 A 69.95 a 67.76 a
Method FPRD 7321 a 75.00 B 58.41 b 56.30 b
100% 76.60 a  89.40 A 80.10 a 7720 a
DI 80%  74.52 a 75.40 D 67.91 b 64.45 bc
60% 7134 a 7195 De 5310 cd 4815 d
Jlaze <l g1 100% 7636 a  86.88 Ab 77.71 a 7490 a
Interaction PRD 80% 74.89 a 84.99 Bc 74.07 ab 71.39 ab
Effects 60% 7183 a 72.82 De 58.08 c 56.98 [
100% 7476 a 8101 Cc 68.72 b 66.24 b
FPRD 80% 7354 a 7330 De 59.48 c 57.33 c
60% 7134 a 7069 E 4704 d 45.34 d

Cawl P<O.05 Jlass | b slael cy I pixe GBS 3425 pis (goiad LS giw o 50 sl gy

Same letters at each column are indicating not significant difference between numbers at probability p<0.05
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Table 7- The results of mean comparison of the effect of irrigation level and deficit irrigation method on leaf chlorophyll

content
o Jgl al> 50 P9> A 50 pgw sy pylea sy
Treatment First Stage  Second Stage  Third Stage  Fourth Stage
N~ 100% 58.35 a 6524 a 56.93 a 51.66 a
Irgaton 80% 5755 a 6193 b 5382 b 4864 b
60% 56.40 a 57.05 c 50.44 c 42.00 c
&bl Lo, B]| 57.55 a 6036 ab 53.35 a 4754 a
|rrigation PRD 57.77 a 63.87 a 56.02 a 50.72 a
Method FPRD 56.98 a 59.00 b 51.83 b 44.03 b
100%  58.90 a 6514 a 56.86 a 5155 &b
DI 80% 57.28 a 5889 b 5236 bc 4809 bc
60% 56.46 a 57.04 b 5083 bc 4299 d
Dol il il 100%  58.17 a 68.02 a 59.22 a 54.44 a
Interaction PRD  80% 58.20 a 66.38 a 57.87 a 53.29 a
Effects 60% 56.93 a 5721 b 5098 bc 4442 cd
100%  57.97 a 6255 ab 5473 ab  48.98 b
FPRD  80% 57.16 a 5753 b 5123 bc 4454 cd
60% 55.81 a 5691 b 49.52 c 38.57 e

Cawl P<0.05 Jlozs| L slacl O )bu).u M| dgg pis (goddd LS (g y 40 ub&; By

Same |etters at each column are indicating not significant difference between numbers at probability p<0.05



¥r4

SE VSTV VE JEIT SC RPNV VRS (EPSI WIPX PR NV NAZE PSPPI PX g5 { gy

ladgle &3 (gl &g, Calad 1 (55l o5 Jlas! (19 9 (5l w131 (ko dunnsliie A Jga
Table 8- The results of mean comparison of the effect of irrigation level and deficit irrigation method on stomatal
conductivity

Sl Jol al> 5 P9d 4> 50 pogwdlaye o, dlsye
Treatment First Stage Second Stage  Third Stage  Fourth Stage
bl aw 100% 31.50 a 3860 a 32.20 a 27.00 A
Level 60% 2990 a 3050 c 21.10 c 16.80 c
bl Lo, DI 3110 a 3740 a 31.20 a 26.00 a
Irrigation PRD 3070 a 3390 b 26.60 b 21.30 b
Method FPRD 3020 a 3190 c 22.40 c 18.00 c
100% 3170 a 4200 a 36.90 a 3130 a
DI 80% 3100 a 37.80 b 30.80 b 25.80 b
60% 3050 a 3220 cde 2590 cd 20.80 c
laze il g1 100% 3160 a 38.00 b 31.60 b 26.30 b
Interaction PRD 80% 3090 a 3360 cd 2630 cd 2110 c
Effects 60% 2960 a 3020 de 21.80 e 1650 de
100% 3100 a 3590 bc 2820 bc 2340 bc
FPRD 80% 2980 a 31.00 de 2340 de 17.60 d
60% 2960 a 2890 e 15.70 f 13.10 e

Cawl P<O.05 Jlassd b slael oy I sixe GBS 3425 pis (goiad LS g o 50 s gy
Same letters at each column are indicating not significant difference between numbers at probability p<0.05
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Introduction: Water shortage is the most important factor affecting crop production in the world. The deficit
irrigation is a way to reduce water consumption in farming. The Partial Root- zone Drying (PRD) irrigation is a
new improvement in deficit irrigation in which the half of the root zone is irrigated alternatively in scheduled
irrigation events. In the fixed partial root zone drying (FPRD) the irrigation is fixed to one side of the root zone
in the growing season. Maize is a drought sensitive crop. In maize, secondary traits related to drought resistance
are considered in producing tolerate cultivars.

Materials and Methods: An experiment was conducted in order to investigate the effects of regulated deficit
irrigation, variable partial root zone drying (PRD) and fixed partial root zone drying (FPRD) on the yield,
physiological and photosynthetic parameters of forage maize (KSC 704) during the growing seasons of 2014 in
Mashhad region. A factorial experiment based on randomized complete block design with four replications was
carried out. The treatments included the full irrigation (FI) and the deficit irrigations (regulated deficit irrigation
(D) and the replacements of 80 % (DI180) and 60 % (DI60) of total water requirement, fixed PRD (FPRD) at
100% (FPRD100), 80% (FPRD80) and 60%(FPRD60) of water requirement, and variable PRD at 100%
(PRD100), 80% (PRD80) and 60% (PRD60) of water requirement). Drip irrigation tapes were placed between
plant rows. In the full irrigation and regulated deficit irrigation treatments, the plants were irrigated from two
sides for every irrigation. In the PRD, one of two neighboring tapes was alternatively used for irrigation. In
FPRD, a drip tape was used for two plant rows and irrigation was fixed to one side of the root. The irrigation
interval was 3 days for al treatments. Dry and fresh forage yield, leaf area index (LAI), stomatal conductance,
leaf relative water content (RWC) and chlorophyll content were measured.

Results and Discussions: All the measured traits were affected by the deficit irrigation. The highest fresh
forage yield (72099 kg/ha) was produced by the full irrigation treatment. The statistical comparison showed that
there was no significant difference between regulated deficit irrigation and PRD method for the fresh forage
yield. But the FPRD treatment reduced the fresh forage yield. There was no significant difference between the
fresh forage yield of FI and PRD80 treatments. The dry forage yield was affected by the different irrigation
methods, irrigation levels and the interaction effects of the treatments (p<0.01). The highest dry forage yield
(17590 kg/ha) was produced by the full irrigation treatment. There was no significant difference between dry
forage yield of FI, PRD100 and PRD80 treatments. The lowest dry forage yield with an average of 10229 kg per
hectare belonged to FPRD60 treatment. In a review study the positive effects of PRD have been reported by
Sepaskhah and Ahmadi. The highest water use efficiency by an average of 2.36 kilograms of dry matter per one
cubic meter of water consumption (kg/m®) belonged to PRD8O treatment. During growing season, reduction the
amount of irrigation water in all the methods of irrigation reduced the leaf area. The greatest reduction in the leaf
area due to water stress was observed at the end of the growing season. The LAl was affected by interaction

between irrigation level and water deficit method. However, there was no significant difference between Fl,
PRD100 and PRD8O treatments. The fresh forage yield (r>= 0.98, p<0.01) significantly correlated with the LAL.
The results showed that the RWC, chlorophyll content and stomatal conductivity were reduced by water deficit.
There was no significant difference between the RWC of the FI, PRD100 and PRD80 treatments. Also, no
significant difference between the RWC of the DI and PRD methods was observed but the FPRD method
decreased the RWC. Correlation analysis showed a significant correlation between the RWC and the fresh forage
yield. At the end of the growing season, the chlorophyll content decreased in all the treatments due to the aging
of the leaves. The most decrease belonged to the DI60 and FPRD60 treatments. Among the different methods of
irrigation, the maximum chlorophyll content by 56% belonged to the PRD method. Significant correlation
between chlorophyll content, LAl and RWC was observed. During the growing season, reduction the amount of
irrigation water reduced the stomatal conductance. No significant difference between the stomatal conductance
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of the DI and PRD methods was observed. The minimum stomatal conductance belonged to the FPRD treatment.
A significant correlation was observed between the stomatal conductance and RWC. The reduction of the |eaf
area under drought stress reduced the plant photosynthesis and thus reduced the plant biological yield. The
drought stress through stomatal closure and the lack of carbon dioxide in the chloroplasts of plant affects plant
photosynthesis and reduces dry matter production. In the partial root zone drying irrigation method, water stress
in the dry portion of root zone causes the stomatal closure, abscisic acid production and plant respiration
reduction. On the other hand, water uptake in the wet portion of root zone causes plant water conservation and
plant growth continuation which improves irrigation water productivity.

Conclusion: According to the results, it seems that the negative effects of water stress on physiological and
photosynthetic parameters in the early growing season is not significant and increases with the aging of the
plants. Water stress decreases the absorption of carbon dioxide and the photosynthesis by reduction in the
stomatal conductance. As well as, reducing the leaf area decreased photosynthetic area and the production of
asymylats in the water stress conditions and ultimately reduced the forage yield significantly. The PRD method
increased irrigation water productivity. With respect to this fact that no difference between the dry matter yield,
LAI, chlorophyll content and RWC in the FI, PRD100 and PRD80 treatments was observed, it seems that
applying Partial Root- zone Drying (PRD) method will result in lower water consumption during forage maize
production at Mashhad environmental conditions.
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