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Table 1. Physical and chemical soil properties of the experimental site.
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Year TotalN OC Clay Silt Sand texture EC pH  Available P Available K Depth
Yo dSm' mg kg1 om
2018  0.09 0.76 31 44 25 ClayLoam 0.97 8.4 83 125 0-30
2019 0.09 0.76 31 44 25 ClayLoam 1 8.2 9.1 120 0-30
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6. Pressure plate
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4. Field capacity
3. Permanent wilting point
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Table 2. Analysis of variance for root length, root volume, root surface, root length density, root dry weight, and plant
fresh weight of Zea mays affected by tillage type, drought stress and nitrogen levels

JsbpSly S o
axye

SOV Ay Job Aluy e Ay b ) Al ) Ng (59
e . &3 Root Root Root Root length Root dry Plant fresh
Olpedd @l g5 length volume surface density weight weight
Year (Y)
Jle 1 28316.9™ 0.9445"s 4316.93 " 0.000319™ 1.38946 " 28158.2
Ey
Jlo sl 4 46300.10 106.00 21182.67 0.00052 2.5729 585646
Tillage (T) . - - . .
695G 1 3629992 6894.41 1967573 0.04090 106.4257 3084664 "
T xY
Jlo X g5y55 1 2332.62" 1.6378 60.017m 0.000026 ™ 0.1800 " 33843.2¢
E
: ol Jole slias 4 18360.94 23.334 6347.03 0.00020 5.4920 168485.1
Drought Stress (W) Hk ok ok *k ok 3k
Tape 2 1181012 40386.5 9079244 0.13309 1052.85 94480563
D xY
JUoX S s 2 4595.93 s 5.843 s 1677.01" 0.000051 ™ 0.2706 " 20011.6"
Tx D

(53295 X (S s
TxDxY

2 38673.6™ 622.84™ 77086.64" 0.000435 ™ 34.2561™ 806766.48 "

2 6298.04" 24428 ™ 1367.55™ 0.00007 " 0.1004 "¢ 37865.88n

JUX (55)9 S BX (S i
Eb
. .16 10674.58 23.642 1907.27 0.000120 3.0627 89717.4
=55 Jole slas
Nitrogen (N) . o . . - .
N 2 627833 2984.84 588962 0.00707 133.55 21288102
(35395 398
N> 2 471252 8.668 1S 92.151 0.000053" 0.020 9683.3 1
JLo X 39 i 095 ’ ’ ' ' ’ '
N> T 2 13461.0"  64.589™  10392.43"  0.000151™ 0.377 514417.22"
$9S X (g 398 ’ ' ' ' ’ ’
N Ty 2 797.61m  7.343700  348.88™ 0.000009" 0.377 1932421
JLwX (65395 15-X (359 5 095 ' ’ ' ’ ' '
Nx D 4 969261 2079.41™  560886™ 0.01092** 22.136™ 2073109*
S X )39 5k 095 ‘ ‘ ‘
NxD xY
X (Shs S X 359y 995 4 5509281 16,7487 483.10™ 0.00006 1 0.491 0 3492.3ns
Jlw
NxT xD
X 6598 X olgr 395 4 27951.57°  14.8231  7751.78° 0.00031* 30.316™ 846998**
NxT xDxY
X 6595 X yigpw 395 4 2967.19™  9.89620"  1151.491 0.00003"s 0.3899 s 18847.8 ™
Jlo X Sis s
Ec
L . 48 29064.68  57.1261 8355.99 0.00032 3.0351 199410
5 =8 Jole gl
Ol card 5.87 6.83 456 5.87 12.02 10.52
CV%
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Ns, * and **: Non-significant, significant at 5 and 1% probability level, respectively.
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Fig. 1. Root length of maize forage affected by nitrogen levels and drought stress under tillage systems.

NO, N50 and N100 are 0, 50 and 100 percent of nitrogen demand, respectively and W30, W60 and W90
are drought stress in 30, 60 and 90 percent of water requirement. (Means with the similar letters are not

statistically significant)
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Fig. 2. Root volume of maize forage affected by drought stress and tillage systems. W30, W60 and W90
are drought stress in 30, 60 and 90 percent of plant water requirement.(Means with the similar letters

are not statistically significant)
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Fig. 3. Root volume of maize forage affected by nitrogen levels and drought stress. NO, N50 and N100 are

0, 50 and 100 percent of nitrogen demand, respectively and W30, W60 and W90 are drought stress in 30,
60 and 90 percent of plant water requirement. (Means with the similar letters are not statistically

significant)
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Fig. 4. Root surface of maize forage affected by nitrogen levels and drought stress under tillage systems.
NO, N50 and N100 are 0, 50 and 100 percent of nitrogen demand, respectively and W30, W60 and W90

are drought stress in 30, 60 and 90 percent of water requirement. Means with the similar letters are not
statistically significant.
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Fig. 5. Root length density of maize forage affected by nitrogen levels and drought stress under tillage
systems. NO, N50 and N100 are 0, 50 and 100 percent of nitrogen demand, respectively and W30, W60

and W90 are drought stress in 30, 60 and 90 percent of water requirement. Means with the similar letters
are not statistically significant.
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Fig. 6. Root dry weight of maize forage affected by nitrogen levels and drought stress under tillage
systems. NO, N50 and N100 are 0, 50 and 100 percent of nitrogen demand, respectively and W30, W60
and W90 are drought stress in 30, 60 and 90 percent of water requirement. Means with the similar letters

are not statistically significant.
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Fig. 7. Plant fresh weight of maize forage affected by nitrogen levels and irrigation regimes under tillage
systems. NO, N50 and N100 are 0, 50 and 100 percent of nitrogen demand, respectively and W30, W60
and W90 are drought stress in 30, 60 and 90 percent of water requirement. Means with the similar letters

are not statistically significant.
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Table 3. Correlation between root length, root volume, root surface, root length density, root dry weight, and plant
fresh weight of Zea mays affected by tillage types, drought stress and nitrogen levels

1 2 3 4 5 6
Traits Olao
1 Root length alyy Job 1
2 Root volume adyy ez 0.997 1
3 Root surface a5 el I ™ 1
4 Root length density 4, Job o515 1 0.99" 1™ 1
5 Rootdryweight — adu, i o35 0.93% 0.95" 0.95" 0.93" 1
6 Plant fresh weight g 039 0917 0.94™ 0.93™ 0.91™ 097" 1




YY 0595 \J}f 3 =Sw.> > S ‘AS})S‘SB alisee 6L:bw.w" s 5O 6‘45519 Q).S 6‘4*2%) Slas k531,\')')1 :Ol)&ub 9 O5.i;5|

o o2l Gl cdims lis a5 ol coslie iy
oS 5l 990 (359555 955 5 o (el 55 5 utS sl
a5 Sl ol 2l 0 Shee A o g ady; w8 o
cxge ol 50 gk ()3 pewe (65)9S 1 e
Bgr 5 059 Saled O 9 ade, 3D, (o Shogas Gl
5 (LS @l 5l we s 40) iz (Sas A e oo
JIo 4 (Jg a0k o i oy Vo0 3955 355
90, ,0 Dyd i ddgle o Sles jo (o)l S Dyl S
Og (b eitd odaline aalllas 3550 (55,951 e
Draey Sz (i i Jleell 555051
Gladgle )3 adgi gl oS LS 0yse e 265

AWICRRE

Afzalinia, S. Karami, A., Rousta, M.J., 2019.
Effect of conservation tillage on soil properties,
field capacity, fuel consumption, and wheat
yield in the wheat-corn rotation. Agricultural
Mechanization and Systems Research. 20, 163-
178. [In Persian with English summary].

Alizadeh, A., 2004. Soil, Water, Plant
Relationship (4th Ed.). University of Emam
Reza Press, 470p. [In Persian].

Bronick, C.J., Lal, R., 2005. Soil structure and
management: a review. Geoderma. 124, 3-22.
Chen, J., Liu, L., Wang, Z., Zhang, Y., Sun, H.,

Song, S., Bai, Z., Lu, Z., Li, C., 2020. Nitrogen
fertilization increases root growth and
coordinates the root—shoot relationship in

cotton. Frontiers in Plant Science. 11, 880.

Hassan, M.M., Gregory, P.J., 1999. Water
transmission properties as affected by cropping
and tillage systems. Soil Science. 16, 29-38.

He, Y.B., Lin, L.R., Chen, J.Z., 2017. Maize root
morphology responses to soil penetration
resistance related to tillage and drought in a
clayey soil. The Journal of Agricultural
Science. 155, 1137.

Hedegaard, J., Hauge, M., Fage-Larsen, J.,
Mortensen, K.K., Kilian, M., Sperling-
Petersen, H.U., et al., 2006. The effect of
nitrogen fertilization on root distribution of
winter wheat. Plant Soil and Environment. 52,
308-313.

Hodge, A., 2004. The plastic plant: root
responses to heterogeneous supplies of
nutrients. New Phytologist. 162, 9-24.

LS L
woold wad (S s bls s as ol las mls
oRIBl p Slaz 86 0,5 ol LS 95 (s 05
iy Jsb o515 cada) mhaw ) oo ) Jsb Ol
e 93 B 50 g 5 (jg Sule 59 g ddyy S ()
G st als b Ll sl allae 800 (55,5515
20le ol L3 3590 ()39 955 (eal B il g (Sas
456)9"““\% s;.,dl) u@l}sl (8 ki u‘r‘-" Aol ob Slao
Voo e 055 Jlews blite 515l Lol jlaie o s
Jol> (olﬁf@,T)'L‘,.s.\,p)o Ae) S S (S g doyd
5o bl Slas o (2Yh g Cute (Sen b

&l

Huang, G.B., Qiang, C.H.A.L,, Feng, F.X., Yu,

A.Z., 2012. Effects of different tillage systems

on soil properties, root growth, grain yield, and

water use efficiency of winter wheat (Triticum

aestivum L.) in arid Northwest China. Journal
of Integrative Agriculture. 11, 1286-1296.

Husen, A., Igbal, M., Aref, .M., 2014. Growth,
water status, and leaf characteristics of Brassica
carinata under drought and rehydration
conditions. Brazilian Journal of Botany, 37,
217-2217.

Karimi, M., Esfahani, M., Bigluei, M.H., Rabiee,
B. and Kafi Ghasemi, A., 2009. Effect of deficit
irrigation treatments on morphological traits
and growth indices of corn forage in the Rasht
Climate. Journal of Crop Production, 2, 91-110.
[In Persian with English summary].

Lack, Sh., Naderi, A., Siadat, S.A., Aieneband,
A., Noormohamadi, G., Musavi, S.H., 2008.
Effect of different levelss of irrigation, nitrogen
and plant density on yield, components yield
and Remobilization of seed corn in the weather
condations of in Khuzestan. Journal of
Agricultural Sciences and Natural Resources.
42, 1-14. [In Persian with English summary].

Molavi, H., Mohammadi, M., Liaghat., AM.,
2011. Effect of full irrigation and alternative
furrow irrigation on yield, yield components
and water use efficiency of tomato (Super
Strain B). Water and Soil Science. 21, 115-126.
[In Persian with English summary].

Mosaddeghi, M.R., Mahboubi, A.A., Safadoust,

A., 2009. Short-term effects of tillage and
manure on some soil physical properties and



VE) 55h 00 sl sl psle 45 e sla i

FY¥

maize root growth in a sandy loam soil in
western Iran. Soil and Tillage Research. 104,
173-179.

Nasiri, M., Meskarbashi, M., Hassibi, P.,
Pirdashti, H., 2015. Screening of rice genotypes
by some morphological and physiological traits
under drought stress condition. Journal of Plant
Production Research. 22, 95-117.

Qin, R., Stamp, P., Richner, W., 2005. Impact of
tillage and banded starter fertilizer on maize
root growth in the top 25 centimeters of the soil.
Agronomy Journal. 97, 674-683.

Razaviezadeh, R., Amoubeigi, M., 2013. The
effect of drought stress and paclobutrazol on
the accumulation of flavonoids and minerals in
vitro in canola (Brassica napus). Journal of
Iranian Plant Ecophysiological Research. 31,
12-22. [In Persian with English summary].

Sainju, U.M., Singh, B.P., Whitehead, W. F.,
2005. Tillage, cover crops, and nitrogen
fertilization effects on cotton and sorghum root
biomass, carbon, and nitrogen. Agronomy
Journal. 97, 1279-1290.

Sakinejad. T., 2004. Effects of water stress on the
uptake of nitrogen, phosphorus, potassium and
sodium in different periods of growth,
according to the morphological and
physiological characteristics of corn in Ahwaz
climatic conditions. PhD. Thesis, Islamic Azad
University, Science and Research Branch,
Ahvaz. [In Persian].

Tennant, D., 1975. A test of a modified line
intersect method of estimating root length. The
Journal of Ecology. 995-1001.

Tian, Q.Y., Sun, P., Zhang, W.H., 2009. Ethylene
is involved in nitrate-dependent root growth
and branching in Arabidopsis thaliana. New
Phytologist. 184, 918-931.

Vamerali, T., Saccomani, M., Bona, S., Mosca,
G., Guarise, M., Ganis, A., 2003. A comparison
of root characteristics in relation to nutrient and
water stress in two maize hybrids. In Roots:
The Dynamic Interface Between Plants and the
Earth (pp. 157-167). Springer, Dordrecht.

Waraich, E.A., Ahmad, R., Ashraf, M.Y., 2011.
Role of mineral nutrition in alleviation of
drought stress in plants. Australian Journal of
Crop Science. 5, 764-777.

Wasson, A.P., Richards, R.A., Chatrath, R.,
Misra, S.C., Sai Prasad, S.V., Rebetzke, G.J.,
Kirkegaard, J.A., Christopher, J., Watt, M.,
2012. Traits and selection strategies to improve
root systems and water uptake in water-limited
wheat crops. Journal of Experimental Botany.
63, 3485-3498.

Xu, G.W,, Lu, D.K., Wang, H.Z., Li, Y., 2018.
Morphological and physiological traits of rice
roots and their relationships to yield and
nitrogen utilization as influenced by irrigation
regime and nitrogen rate. Agricultural Water
Management. 203, 385-394.

Zhang, X., Chen, S., Sun, H., Wang, Y., Shao, L.,
2009. Root size, distribution and soil water
depletion as affected by cultivars and
environmental factors. Field Crops Research.
114, 75-83.

Zheng-An, S.U., Zhang, J.H., Xiao-Jun, N.L.E.,
2010. Effect of soil erosion on soil properties

and crop yields on slopes in the Sichuan Basin,
China. Pedosphere. 20, 736-746.



