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Introduction

Deficitirrigation is a suitable method for obtaining the economic and acceptable yield with the minimum

amount of water (Zegbe et al., 2004). Although the yield in unit area is decreased in this irrigation method,
the amount of consumption water, water harvesting, delivery and distribution costs of water decreased,
which results in more benefit (Yazar et al., 2009).
Partial root drying (PRD) is the modified method of deficit irrigation which some part of plant roots is
irrigated and another part of them are placed in dry soil. For the first time, the concept of PRD was applied
by Grimes et al. (1968) in the United States. In this method, water uptaking from the wet zoning of plant
roots holds the water status in plant in a favorable condition (Davies et al., 2002), and the other part of roots
placed in dry soil results in increasing abscisic acid hormone production.

The most important growth indices which are used frequently in plants include leaf area index (LAI),

crop growth rate (CGR) and relative growth rate (RGR) so that plant production dry matter can be
investigated using these indices (Modarresi et al., 2004). Investigation of variations of growth indices of
five maize hybrids under two different irrigation regimes indicated that interrelationship between leaf area
index and grain yield was significant (Nori Azhar and Ehsanzadeh, 2007).
Water scarcity is one of the most important factors that decrease the maize yield and yield reduction
depending on corn cultivars and growth stages that are affected by water stresses. With regard to desirable
features of leafy and commercial hybrids of maize and also different effect of stresses in different stages of
vegetative and reproductive growth, the objective of this study was to investigate the effect of water stress
and new deficit irrigation strategies on growth indices of two corn cultivars in Kashmar climate.

Materials and Methods
This research was conducted in Natural Resources and Agricultural Research Center of Kashmar. In this
research, a split plot experiment based on completely randomized design with three replications was
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utilized. The irrigation treatments employed in this research include full irrigation treatment (FI), static
deficit irrigation (SDI), dynamic deficit irrigation (DDI), static partial root zone drying irrigation (SPRD)
dynamic partial root zone drying irrigation (DPRD) as main factors (Ahmadi et al., 2014) and two forage
corn cultivars include 704 and 606Sc as sub-main factors. Physical characteristics of study soil were shown
in table (1).

Table 1- Physical characteristics of study soil

Soil depth Clay (%) Silt (%) Sand (%) Soil texture Bulk density
(cm) (gr/cmq)
0-30 315 43.5 25 Clay-loam 1.36

30-60 45 38 17 Clay 1.41
60-90 45 50 5 Silt-Clay 1.35

In order to evaluate growth indices, plant total dry matter weight, leaf dry weight and leaf area variations
on growth period length were used. Crop growth rate (CGR), relative growth rate (RGR) and leaf area index
(LA for each stage of sampling was calculated from the below equations:

_ (Wy-wp)
CGR=T s 1)
RGR= (nWaInWi) (2)
ty-ty
LAI= % ©)

Where, LA is leaf area in each stage of growth, P is ground area that is occupied by plant, t is time in
terms of day after planting and w is total weight of plant. Morphologic traits which were measured include
leaf dry matter, ear wet weight, stem and total dry matter. VVariance analysis of data and drawing of graphs
were done by SPSS and Excel Software, respectively.

Results and discussion

The results of variance analysis in different growth stages indicated that LAl was affected by different
irrigation treatments. Fl and SDI irrigation treatments had higher LAI than the others. The quantities of LAI
in SDI, DDI, SPRD and DPRD treatments compared with witness treatment had 10.52, 20.61, 31.14 and
41.22 percent decreased, respectively. Leaf dry weight for DDI, SPRD and DPRD treatments compared
with witness treatment (FI) decreased by quantities of 19.8, 20.8 and 25.3 percent, respectively, in the end
of growing season. Different treatments of deficit irrigation had significant effect (P<0.01) on decreasing
leaf dry weight while cultivar effect and interaction of deficit irrigation strategies and cultivar was not
significant on leaf dry weight decreasing. Crop growth rate for DDI, SPRD and DPRD treatments compared
with witness treatment (FI) decreased by quantities of 31.7, 39 and 58.5 percent respectively, and leaf area
index in these treatments compared with witness treatment (FI) decreased by quantities of 18.1, 22.7 and
31.8 percent, respectively. Evaluation of variations related to ear wet weight showed that accumulation of
ear wet matter by passing of time increased with positive and too fast slop around the specific time (60-80
days after plant) and then decreased, similarly by approaching to harvesting time decreased. The least
accumulation of stem dry weight existed in SPRD and DPRD treatments (36.5 and 47.81 percent decreasing
rather than full irrigation). In this study, LAl and crop growth rate had similar trend in SDI and Fl irrigation
treatments. The maximum crop growth rate was 37.28 and 19.03 (gr/m?) in Fl and SDI treatment irrigation,
respectively. Also, the results of this study showed that relative growth rate decreased by applying the new
deficit irrigation strategies.
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Conclusion

According to the results obtained from this research, it is revealed that applying the new deficit irrigation
strategies was significant on total dry matter weight, leaf dry weight, stem dry weight and ear wet weight
in all of the growth stages. The quantities of total dry mass weight, leaf dry weight, stem dry weight and
ear wet weight were higher in FI and SDI irrigation treatments than the others. The results of variance
analysis table indicated that total dry matter weight, leaf dry weight, stem dry weight, ear wet weight and
leaf area index did not have significant difference in FI and SDI irrigation treatments. With regard to water
consumption is less in SDI treatment than the FI treatment by quantities of 22 percent and water productivity
is more than 18 percent for this treatment rather than FI, therefore, using SDI irrigation method for watering
the forage corn is recommended in Kashmar region.
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Table 1- Chemical characteristics of soil

Soil pH EC (mg/kg)

depth (dS/m)

(cm) oc(®) TNV (%) N@) F K Zn Mn
0-30 7.9 0.598 0.502 20.5 0.071 9.6 310 0.049 7.91
30-60 7.7 0.570 0.250 36 0.034 4 280 0.030 4.40

S 5 Ologas Y Jgu
Table 2- Physical characteristics of soil

Soil depth Clay (%) Silt (%) Sand (%) Soil texture Bulk density
(cm) (gr cm?)
0-30 315 435 25 Clay-loam 1.36
30-60 45 38 17 Clay 1.41
60-90 45 50 5 Silt-Clay 1.35

ST O pboss Obogas ¥ Jou
Table 3- Chemical characteristics of irrigation water

pH EC (meg/)
(dS/m) Na+ K+ Ca* Mg?* COs* S04 HCO* CIl
7.35 0.345 0.21 0.42 3.11 1.27 0 0.03 4.3 0.51
[oor ] =] [sot] [se=o] [(or=n

static partial root drying treatments, respectively; C1 and C2 are 704 and 606 cultivars, respectively.

Fig. 1- Schematic of used design in this research
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Table 4- Date and depth of irrigation water (mm) for different irrigation treatments in 2018

Fl SDI DDI SPRD DPRD
19 July 25 25 25 25 25
24 July 25 25 25 25 25
29 July 33 33 33 33 33
3 August 40 40 40 40 40
8 August (applying of 61 46 55 23 28
deficit irrigation)
13 August 76 57 68 28 34
18 August 92 69 83 34 41
23 August 108 81 97 40 49
28 August 112 85 99 42 50
2 September 111 83 84 41 42
7 September 131 98 98 49 49
12 September 63 47 47 23 23
17 September 47 35 35 18 18
22 September 29 22 14 11 7
27 September 17 13 8 6 4
2 October 30 22 15 11 7
7 October 24 18 12 9 6
Total depth of irrigation 1024 799 838 458 481
water (mm)
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81 s & = =R
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0 - - - - - 4 50 60 70 80 90
40 50 60 70 80 90

Days after planting

Days after planting

Fig. 2- Effect of different deficit irrigation strategies on leaf area index at days after planting, a) 704
cultivar and b) 606 cultivar
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Table 5- Variance analysis of different growth indices during the male florescence and tassel emergence stages, grain fill and maturity of two
forage corn cultivars under different irrigation strategies

Mean squares

Male
florescence
emergence

stage

Tassel
emergence
stage

Grain fill
stage

Maturity
stage

Sources of df Leaf area Leaf dry Ear wet weight Stem dry Total dry matter Crop growth Relative
variation index weight (gr m?) (gr m?) weight (gr  weight (gr m?)  rate (gr m2d?) growth rate
(Decimal) m-?) (grd?)

Irrigation 4 6.621 ™ 26372.014 ™ - 25596.852 95725.394 ™ 1215.102 ™ 0.008 ™
strategies "

Cultivar 1 0.986 " 3384.382 ™ - 3501.792 ™ 12262.217 ™ 122.857 ™ 0.002 *
Cultivar x 4 0.144 s 165.291 ™ - 120.193 ™ 376.218 ™ 11.817 ™ 5x 104"
Irrigation
strategies

Error 20 0.846 x 1073 138.898 - 22.085 125.726 0.145 1.08 x 106
C.VvV - 0.89 4.85 - 2.41 2.56 1.49 1.49

Irrigation 4 1321 21661.720 ™ 251745.028 " 335041.472  483714.004 ™ 1255.823 ** 0.005 ™
strategies "

Cultivar 1 0.136 " 1305.612 ™ 40028.844 89927.970 "  100429.376 * 222170 0.001 s
Cultivar x 4 0.007 " 690.936 " 3190.988 ™ 9248.584 ™ 10577.689 ™ 19.291 ™ 3.833x 105 ™
Irrigation
strategies

Error 20 0.318 x 1072 545.324 661.486 178.062 1435.815 1.300 4.87 x 10°®
C.VvV - 3.07 6.21 10.76 2.25 3.91 5.73 5.61

Irrigation 4 0.912 ™ 40579.796 ™ 2070116.330 ™  529070.412  800678.153 ™ 1437.682 ™ 0.006 ™
strategies -

Cultivar 1 0.212 4322.400 " 186046.875™  83031.206 " 85911.775 ™ 163.287 ™ 0.001 "
Cultivar x 4 0.010 " 303.620 ™ 14302.420 ™ 7983.909 ™ 10613.603 ™ 5935 9.167 x 105 ™
Irrigation
strategies

Error 20 0.015 375.435 4388.429 798.265 2296.816 0.371 1.79 x 106
CV - 7.31 5.14 3.18 2.66 3.33 2.97 3.54

Irrigation 4 0.836 ™ 43977.313 ™ 3525037.692 7 379922.749  433785.052 ™" 937.666 ** 0.002 ™
strategies -

Cultivar 1 0.178 " 5145.418 ™ 331933.357 "™ 90732.401 "™ 1404.663 ™ 152.596 * 3.333 x 106
Cultivar x 4 0.003 ™ 400.161 " 18995.950 ™ 3495.271 ™ 102013.017 ™ 49.811 4,500 x 105"
Irrigation
strategies

Error 20 0.021 199.050 3091.911 1210.294 1163.617 1.059 5.02 x 10°®
CVvV - 8.15 3.52 2.40 3.47 2.43 6.18 9.37

ns: is not significant, **: is significant at 1%, *: is significant at 5%.
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Table 6- Comparison of mean growth indices on maturity stage using Duncan’s multiple range tests

Irrigation  Leaf area Leaf dry Ear wet Stem dry Total dry Crop Relative
strategies index weight weight weight matter growth rate  growth
(Decimal)  (gr m?) (gr m?) (grm?  weight (gr (grm2d?) rate (gr
m?) d?)
Fl 2.28° 508.53 2 3287.012 1326.07 2 1680.61 @ 37.28° 0.05°
SDI 2.04 % 458.33%  2800.93 1165.73 % 1574.74 % 19.03° 0.03°
DDl 1.81°%¢ 403.77 b¢ 2357.31 ¢ 985.26 1504.78 @€ 11.78 ¢ 0.02°¢
SPRD 157 333.93« 1732.53¢ 842.74 1233.94 ¢ 9.36 0.01 ¢
DPRD 1.34 ¢ 301.19%  1405.03 692.47 % 1023.94 5.83 ¢ 0.01 ¢
Treatments with at least one common name do not differ with probability at 5% level.
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Fig. 3- Effect of different deficit irrigation strategies on leaf dry weight at days after planting, a) 704
cultivar and b) 606 cultivar

TN wd) (@ 98 ol (LA el 31 om S 39) 30 &F g eKis 039 g Sl Tad Lilisko (S (S 51 gl Jﬁm -Y s

£ 3500 T 3500

= 3000 H o [P Fe 8 = 3000 1 - B e °

= 2500 4 --=---SDI e 2 2500 | --&---SDI R

s --~-DDI AF £ | --+~-DDI Sl

& 2000 | 27 gpRp ,.-',;§-—-——~ S2000 | TR A

= 1500 {1 —«-DPRD iy g 1500 4 _ _ _ A==

o » - DPRD i

© 1000 - W % 1000 - it

> 500 - =y P = 500 - o a

i 0+ —————= , S0 —e—————t :
40 50 60 70 80 90 40 50 60 70 80 90

Days after planting

Days after planting
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cultivar and b) 606 cultivar
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Table 7- Variance analysis of water productivity based on wet and dry matter weight
Mean squares

Sources of variation df Water productivity based on Water productivity based on dry
wet matter weight matter weight
Irrigation strategies 4 932.201 ™ 24,143 ™
Cultivar 1 85.585 " 1.974 "
Cultivar x Irrigation 4 22,419 0.548 "
strategies
Error 20 153.472 2.850
CV - 36.2 34.03

ns: is not significant, **: is significant at 1%, *: is significant at 5%.
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Table 8- Total volume of consumption water during growth period, wet forage yield and mean
comparison of water productivity based on wet and dry matter weight for different irrigation treatments

Consumption of water Total wet of forage Water productivity ~ Water productivity

volume (m3/ha) weight (kg/ha) based on wet matter based on dry

Treatment . 3 :
weight (kg/m°) matter weight

(kg/m®)

Fl 10240 83630 82 2.05%
SDI 7990 75900 9.5° 2.64°
DDl 8380 58611 7¢ 1.90%

SPRD 4580 29770 6.5¢ 1.81¢
DPRD 4810 25010 5.249 1.65¢
Treatments with at least one common name do not differ with probability at 5% level.
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