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Table 1- Chemical analysis of studied soils
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el ECe Na Ca Mg NO3 .co3 oOrganic) T JB s Cis
dS) pH meq) meq) meq) meq) " (Phosphorus) :
(Texure) (m'* & (I & & (%) (Carbon (mg 1) (Potassium)
m
(%) J (mg I)
e (o) £9
Silty Clay) 1.14 7.8 3.1 3.6 2.8 207 30 0.86 13.4 142
(Loam
5 ey
Sandy ) 162 7.72 6.19 6.35 3.9 312 25.8 0.31 24 172
(Loam
(Loam) s 142 775 495 5.25 3.45 271 27.5 0.53 6.8 161
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Table 2- Chemical analysis of irrigation water
ECiw pH Na Ca Mg So4 Cl HCo3  co3
(dsmh)  (meql™) (meql™) (meql™) (meql?®) (meql®) (meql™) (meql™) (meql™)
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Figure 1- Depth of irrigation water and rainfall during growing season
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Figure 2- Class ‘A’ pan evaporation data during growing season
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Figure 3- Grass reference evapotranspiration during growing season using class ‘A’pan evaporation
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Figure 4- Effect of soil fertility on maize evapotranspiration in different soil types
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Table 3- Analysis of variance for ten-day evapotranspiration of maize in different soil texture and fertility

&b a4 (Mean squares in decade) a»s ;3 Gley po (wSbo

AoV <83 Egene
Sources)  Degree) Js! ©93 P R T e i e
of of (Firsty  (Second) (Third) (Fourth) (Fifth) (Sixth) (Seventh) (Eigth) (Ninth) (To@lET)
(variation  (Freedom

Sl cdl

Soil ) 2 2.9%* 1.45%* 1.76** 241**  3.78%* 2.23** 1.54** 0.72**  0.05**  12789**
(Texture

Splol
Soil ) sk 2 0.00004 0.0001 0.0001 2.42%*  6.15** 5. 2% 4.13** 1.77%*  0.07** 8259.2**
(Fertility

Splol

Sk sl *

Soil ) 4 0.000007  0.0002 0.0002 0.014 0.22 0.18 0.16 0.08 0.002 328.8
Texture*

Soil

(Fertility
(Error) W 18 0.0001 0.0001 0001 0.009 0.12 0.11 0.086 0.04 0.002 167.7

ﬁbwm)b@jt_i'{eh«up Q;QL&)WQslﬁbwbow*j**

*and ** Represents the a significant difference between treatments at one and five percent

o SB 358 13938 oy o5 5L opl &S ol dnily Slie slge
(2lig sy oy QT e 5L g olS Wby bl 039 ol 8
ol a8l il 38l o] 5y = S e 9 S e a3Li
) pod S 3 ©)3 (555 =y o) 03 (nSle (i
e 876 Ly ) (SCLF2 Jlag) 355 30 33 (539381 b ik
5o oS 31 A aal oty A5 ooy Amd 5 5 39, 2 5
b pd S 3w el 3 (59 2 lee B/02) (3,5 - s
Al oyt 3uoyd 4515 565 13938 g

QLS O (5,85 = e ggemme p S (ghdols Sl i
Oli8l Coge SLE d 055 Mo pd 90 9 S5 (0938] &S d2d 0
Ol ol aS Cunl sad S g dw yb 3 DD By = S
o gdew  SLF2 4 SLFL slajlos j0 jn 4o 505 = puond
38 51 s e yal oyl e (4 Jgdn) A3 5 me oy

Bl caliee (slajlag 3 @) (3,85 7y ggeome dunlie
SLE )0 Oyd Gy = yusud Hlde oy i & D o slis S
(SCLF2 JLos) 355 o3 53 35531 L (il () ]
baly s > b pgd S 3 jlade a8 g e Jue 513/10 41,
Abige sio e 383170 15 5 (SLFO lass) (anlo

calizeo (gloloi 53 )3 (55 = e 09 03 (Sle duylie
51 dmlia sl 01 B Jgsn > Sl g (g pbols
22 o s by (gl dls g )3 yd §y0 - o p SBCél
gy By = 5 (s olS M) pows g g g Jol And > &S
ik oy pod SB 3 (59, 2 ste e 6/05 94194 3/64) )
S )3 59y o yto e 516 5 4117 2/50) ] Jlsde oy 208
S S Ol ()l ekl (4 Jgan) cunl 0390 (15 pg)
i 53 g Sl S 2Bl L 2SI i <L (Ko b
2 Gl ady gl adspo )3 3,05 = s ol e & s
1 delie ol S b b S | iy S slacSlS
Ol a5 A md o ol Ay Jad LU U pow dnd 5l S cél
pod SB | i pgl g (o (y P S 53 )3 (505 = S
gl i (SE ) st s o] e &S Casl 09 ih
(4 Jgiz) a8l bSB ] ) st 1 dlse 3529 pizan
bl amd 4w )3 055 (55 = pS o) 03 (ke duylis
58l S Am3 o s S (g plols Cilize slaleg )3 L)
J3i) bl 05 ol als po 1> 0,3 355 - s s 58
m i ol e S g ) s 4 ol Al yo o (4
J5 4395 20)3 93 5 S5 (938l g 3o St 1y 033 (5
Al Al SUS s ) 5 g9y g2 o6 58) Atulp s S
4 (S jLs g odg SooS olS by pluol s e )3 S e



1395 p5—ols 5 2 oyleis 30 wlor (S g O apis 466

SB Cdl g gmdols @i gylowi 45 )b § 0= pwdud 059 00 (il dunlio -4 Joua
Table 4- Comparision of ten-day evapotranspiration of maize in different soil texture and fertility

and ;3 (9, 2 po o) 839 03 (3,05 wiud (uSile

e Ten-day average evapotranspiration Eyooee

(Sources of ) (mm/day) By s
(First) (Second) (Third) (Fourth) (Fifth) (Sixth) (Seventh) (Eigth) (Ninth)

SCLFO 3.64a 4.94a 6.05a 7.25¢c 7.04c 5.50d 4.43de 4.07d 1.66¢ 449.01c
SCLF1 3.64a 4.94a 6.04a 7.46h 7.86b  6.27bc 5.11bc 4.52bc 1.75b 479.40b
SCLF2 3.64a 4.94a 6.04a 7.68a 8.76a 7.13f 5.09a 5.02a 1.84a 513.10a
LFO 3.05a 4.37b 5.59b 6.96d 6.19d 4.75f 3.75g 3.60f 1.55de  401.10ef
LF1 3.05b 4.36b 5.57b 7.22¢c 6.86c  5.22de 4.30ef 3.99de 1.64c 426.70d
LF2 3.06b 3.34b 5.59b 7.53ab 8.36ab  6.60ab 5.44ab 4.72ab  1.78ab 477.70b
SLFO 2.50c 4.17c 5.16¢ 6.31f 6.02d 4.78ef 3.90fg 3.70ef 1.53e 383.70f
SLF1 2.50c 4.17c 5.16¢ 6.51e 6.68d 5.42d 4.45de 4.05d 1.61cd  408.95de
SLF2 2.50c 4.17c 5.16¢ 6.61e 7.07c  5.85cd 4.80cd 4.27cd 1.67c 424.40d
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Treatments with common letters in each column are not significantly different at the five percent
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Figure 5- Effect of soil fertility on maize crop coefficient in different soil type
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Table 5- Analysis of variance for maize crop coefficient in different soil texture and fertility
(Degree of Freedom) (a!;1 4,3 (Mean squares) iz po il

(Sources of variation ) <l i asbee

Kc initial Kc development  MidKc  Kc late

(Soil Texture) Sk cal 2 0.029** 0.036** 0.07**  0.041**

(Sail Fertility) S5 (¢dols 2 0.0000001 0.013** 0.15**  0.14**

(Soil Texture* Soil Fertility) S5 b * ol 4 0.000003 0.0004 0.007 0.0006
las- 18 0.0000001 0.0005 0.003 0.0003

Wil oo doyd iy 9 S ghaw 3 )i bajlod Cgld (gl ine oaims L ¥ ¥
*and ** Represents the a significant difference between treatments at one and five percent
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Table 6- Comparision mean of maize crop coefficient in different of soil texture and soil fertility

(Average crop coefficient) LS cy po 3Kilo

(Treatments) W,los  olatl dl> o

Wgstﬂb’o

S dl> 0 2l A o

(Initial stage) (Development) (Middle stage) (Final)

SCLFO 0.523(24)a 0.929(24)a 1.024(32)d 0.732(12)c
SCLF1 0.523(24)a 0.978(24)a 1.160(32)bc  0.744(12)b
SCLF?2 0.523(24)a 1.002(20)a 1.300(36)a 0.815(12)a
LFO 0.451(24)a 0.874(24)a 0.880(28)a 0.684(12)a
LF1 0.451(24)a 0.926(28)a 0.994 (28)de  0.776(12)c
LF2 0.451(24)a 0.970(20)b 1.213(36)ab  0.789(12)ab
SLFO 0.411(24)C 0.810(28)d 0.901(32)ef 0.613(8)f
SLF1 0.412(24)c 0.859(28)c 1.006(32)d 0.644(8)f
SLF2 0.411(24)C 0.863(24)f 1.066(36)cd 0.666(8)d

B0 )3 iy g 53 ()3 e gl S stde Bgy> Sl sl (g 2 5
Numbers followed by the same letter are not significantly differentns (P<0.05)

Jos) 255 803 93 539381 b (o () pgd S > )3 a5
i psd S 5 ke 508 5 st ke 513/10,,1,, (SCLF2
Jols e 1o 383/T0 1y 5 (SLFO jlad) (onbo Lol o
g Sl 5 695 1= 551095 doyd 93 9 o (2938 00,8
LS oy 1 ylsime 1 SB gsedols 11 5 4zl S
ol U5 o ey el 42315 03, ol A e 3 )3
e oo 3 (Gl3l 00 3T18) 3 LS oy S5
25U el s (LF2) 568 aoyd 95 0139581 b pgd S5 03,
s pd 9 pd SLSE ) (LS cups n SE gplol
SS9 ol s ) i e 9 1 Slse 529 S a1 (o

bl b pd SB ) e bl 5 (s ) 29 5 p9)

s 3 SLs o355 9381 88 amo o o5 6 Jpis ol

4 005 duoyd 93 p2g38) S Al (g3 b wdy planl dls ye
Sloe oo b il 5 g Aoy g inlS g ST
P15 by Sl als e 2395 03 93 (39381 sl 0ad )
o plos (sl s cuilbyy floj cde &y yal ol sl ailss
039 9 03 Sed (e 45 29 (oo )l ©jg0 (pl 3 & sl

& 325 4o

b 9 3y Tyt p Sl g plol Sl o)

[ u.u])_‘)‘ g0 Sk Lg},;’:l.ob &S sl uL\M) Syd u.mLf
20 AL cops g (bl 1oy 191 6 6/4) 5,0 - s
= P e iy A0)S 0Dy Sl g Sle crwg Jolpe



469

SMBle 33 BUS b 3 55 = il Sl 3 5 pribusl 3T gy 2

10-

11-

13-

14-

15-

16-

&bo

Amiri M. 1999. Determination of plant cucumbers, tomatoes and peppers in the greenhouse. College of
Agriculture. Isfahan University of Technology. Master thesis. (in Persian with English abstract).

Alizadeh A., and Kamali Gh. 1998. Crop water requirement in Iran. Publication of Emam Reza. pp. 228. (in
Persian)

Allen R.G., Pereira L.S., Raes D and Smith M. 1998. Crop evapotranspiration. Guidelines for Computing Crop
Water Requirements. FAO Irrigation Drainage Paper No. 56, FAO. Rome, Italy. pp 1-326.

Benli B., Kodal S., llbeyim A., and Ustun H. 2006. Determination of evapotranspiration & basal crop coefficient
of alfalfa with a weighing lysimeter. Agricultural Water Management. 81: 358-370.

Edalatnasab M. 2002. Fertilizer prices reduces the profits of wheat. Iranian Journal. 19th years. 5496: 24-25. (in
Persian)

Erkossa T., Awulachew S.B., and Aster D. 2011. Soil fertility effect on water productivity of maize in the upper
Blue Nile basin, Ethiopia, Agricultural Scinences, Vol.2, No.3, 238-247.

Ghamarnia H., Jafari Zadeh M., Miri E., and Eghbal Ghobadi E. 2002. Coriandrum sativum L. crop coefficient
determination in a semi-arid climate. Journal of Water and Irrigation Management. 1(2): 73-83. (in Persian with
English abstract).

Hashemi Garmdarrei. S. E., Mostafa Zadeh B., and Heidarpour M. 1996. Investigating methods of Estimating
crop evapotranspiration in Isfahan. 2th Conference on Water Resources Management. Isfahan, Iran. (in Persian)

Kashyap P.S., and Panda R.K. 2001. Evaluation of evapotranspiration estimation methods and development of
crop coefficients for potato crop in a sub-humid region. Agricultural water management. 50: 9-25.

Katerji N., Mastrorilli M., and Lahmar F. 2011. Fao-56 methodology for the stress coefficient evaluation under
sline environment condition, validation on potato & board bean crops. Agriculture water management. 98: 588-
596.

Mirzaei M. 1997. Determination of evapotranspiration under real conditions for maize and sugar beet in Qazvin
and comparison with FAO. College of Agriculture and Natural Resources. Tehran University. Master thesis. (in
Persian with English abstract).

Panahi M., Aghdaee M., and Rezaee M. 1997. Determination of sugar beet standard evapotranspiration by
lysimeter method in Kabotar-Abad, Esfahan. Sugar beet Journal, 22 (1): 25-37. (in Persian)

Rahimzadegan R. 1991. Determination of an appropriate estimating method of evapotranspiration in Isfahan.
Iranian Journal of Agriculture Sciences, Volume 22 (1, 2): 1-10. (in Persian with English abstract).

Razzaghi F., Plauborg F., Jacobsen S.E., and Richardt Jensen Ch. 2012. Effect of nitrogen and water availability
of three soil types on yield, radiation use efficiency and evapotranspiration in field-grown quinoa. Agricultural
Water Management 109: 20- 29

Zhong Y., and Shangguan Zh. 2014. Water Consumption Characteristics and Water Use Efficiency of Winter
Wheat under Long-Term Nitrogen Fertilization Regimes in Northwest China. PLoS ONE 9(6): e98850.
doi:10.1371/journal. pone. 0098850.

Zhang X., Chen S., Sun H., Shao L., and Whang Y. 2011. Change of evapotranspiration over irrigated winter
wheat and maize in north china plain over treedecades.Agriculture water management. 98: 1097-1104.



Journal of Water and Soil (85231 @alioo 5 pole) S g ol &y i
Vol. 30, No. 2, May.-Jun. 2016, p. 459-471 it 459-471. p 1395 1 sls 15 2 oyl 30 al>

Investigating the Effect of Soil Texture and Fertility on Evapotranspiration and
Crop Coefficient of Maize Forage

M. Ghorbanian Kerdabadi'- H. Noory? - A.M. Liaghat®
Received: 24-12-2013
Accepted: 06-06-2015

Introduction: Crop coefficient varies in different environmental conditions, such as deficit irrigation,
salinity and intercropping. The effect of soil fertility and texture of crop coefficient and evapotranspiration of
maize was investigated in this study. Low soil fertility and food shortages as a stressful environment for plants
that makes it different evapotranspiration rates of evapotranspiration calculation is based on the FAO publication
56. Razzaghi et al. (2012) investigate the effect of soil type and soil-drying during the seed-filling phase on N-
uptake, yield and water use, a Danish-bred cultivar (CV. Titicaca) was grown in field lysimeters with sand,
sandy loam and sandy clay loam soil. Zhang et al (2014) were investigated the Effect of adding different
amounts of nitrogen during three years (from 2010 to 2012) on water use efficiency and crop evapotranspiration
two varieties of winter wheat. The results of their study showed. The results indicated the following: (1) in this
dry land farming system, increased N fertilization could raise wheat yield, and the drought-tolerant Changhan
No. 58 showed a yield advantage in drought environments with high N fertilizer rates; (2) N application affected
water consumption in different soil layers, and promoted wheat absorbing deeper soil water and so increased
utilization of soil water; and (3) comprehensive consideration of yield and WUE of wheat indicated that the N
rate of 270 kg/ha for Changhan No. 58 was better to avoid the risk of reduced production reduction due to lack
of precipitation; however, under conditions of better soil moisture, the N rate of 180 kg/ha was more economic.

Materials and Methods: The study was a factorial experiment in a completely randomized design with three
soil texture treatment, including silty clay loam, loam and sandy-loam soil and three fertility treatment, including
without fertilizer, one and two percent fertilizer) It was conducted at the experimental farm in Jey and Qahab

district of Isfahan. Reference evapotranspiration and actual evapotranspiration of maize were measured by
evaporation pan method and volumetric soil water balance method using micro lysimeters, respectively. In order
to accommodate the growing field conditions, a ditch with a depth of 25 cm, length of 240 cm and width of 300
cm were dug and micro-lysimeters were placed it in three rows (three replications) with a distance of 75 cm.
After preparing the treatments, four seed Maize with variety of NS540 were planted at a depth of 3-5 cm on 5
August. To reduce the oasis effect on evapotranspiration, the same corn was planted in the vicinity of the project
area with 500 square meters..

Results and Discussion: The results showed that using fertilizer caused increasing of crop
evapotranspiration and crop coefficient of maize. Maximum of the ten-day average evapotranspiration of maize
in the silty clay loam soil with two percent fertilizer was obtained 8.76 (mm/ day) on the fifth decade of growth
and this value was found 45.5 percent higher than the lowest mean evapotranspiration value of the ten-day.
Comparison evapotranspiration of maize in different soil fertility treatments showed that the greatest impact on
increasing of maize evapotranspiration in SLF2, SCLF2, SLF2 treatments were obtained that was equal %19.1,
%14.3 and %10.6, respectively (table 4). Most of the effects of fertility the crop coefficient of maize at the
middle stage of growth was influenced more than other stages by the different treatments of soil fertility. Adding
one and two percent of the fertilizer to treatment SCLFO increased maize crop coefficient about 3.5 and 9.7
percent at development stage, respectively, That measured %6 and 11% for LF1 and LF2 treatments,
respectively, and about 1.6 and 5.6% for SLF2 SLF1 treatment, respectively (Table 6). Comparison of maize
middle crop coefficient in SLF2 and SLF1 for different soil fertility treatments showed that effect of increasing
soil fertility on middle Kc of maize was more than other stages of plant growth (Table 6). The obtained results
showed that the addition of one and two percent fertilizer to the silty clay loam soil increased, the middle crop
coefficient 13.3% and 27%, respectively in.

Conclusion: Maximum and minimum effect of soil fertility on increasing crop coefficient of maize in the
middle stage was equal to 37.8% in the loamy soil and 18.3% in the sandy loam soil with two percent fertilizer.
The greatest effect of soil fertility on crop coefficient of maize was measured 8.37% in the middle stage of
growth in LF2. The effect of soil fertility on crop coefficient of maize in loam and silty clay loam soils more
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than sandy loam soil, Because can be a further organic matter in these soils (loam and silty clay loam and also
decreasing evaporation in sandy loam soil.
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