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Nutrient efficiency index of maize in response to varying rates of
nitrogen and phosphorus fertilizers under different irrigation water
regimes
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3- Path analysis
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Table 1. Soil physico-chemical properties of the experimental site at 0-30 cm depth during 2014

and 2015
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2014 Loam  0.09 13.1 1346 0.19 0.33 1.3 1.28 13.4 7.4
2015 1(8);11; 0.084 10.3 112.7  0.16 0.27 1.2 1.33 12.2 7.2
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4- N utilization efficiency
5- P utilization efficiency
6- N uptake efficiency
7- P uptake efficiency
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Table 2. Results of variance analysis (mean of squares) for grain yield, N uptake, NUpE, NUtE
and NUE of maize under different treatments of nitrogen, phosphorous and water

i e ) Opssme il bl O gL
ald > SLQ.Q
Sources of d L. ol e 05940 3395 03555
L Grain yield
variation N uptake NU,E NUE NUE
Ju (Year) 1 8416210.4™ 18630.2 820.5m 89.1ns 40.1m
REP(Year) 4 42905563 28423 192.9 19.4 44.8
aLf 5 25 e
P OSIAT ) 012129048° 352161 2789.7" 123.108 208"
(ETc)
Year x ETc 2 1071536.7™ 215.8™ 21.5m 20.1m 8.3ns
REP x ETc 8  269093.8 866.8 72.9 173 22
(Year)
059 (N) o 821389000 158734 25070.3* 1006.8 6944.97**
s (P) 2 62672535 26612.8" 2243.6" 306.1° 49.5*
N x P 4 501775.1° 1285 37+ 10.3 1.5m
ETc x N 4 1510430.2" 3966.6*** 202.7" 17.1m 21.5"
ETc x P 4 80901.5™ 178.17s 24.0m 5.0ms 0.6™
ETcxNxP 8  170997.7% 41.6™ 11.5m 6.7 1.1m
Year x N 2 28965.3m 1733.2m 21.6™ 19.5m 1.5m
Year x P 2 234812.1m 747.2m 52.8m 5.8 1.8m
Year xNxP 4  57082.9™ 59.9ns 2.0m 1.7 0.3m
Year x ETc x N 4 113851.6™ 46.2m 7.1m 9.4m IS
Year x ETc x P 4 84304.7™ 64.8m 7.3m 8.1 IS
Year xETex ¢ 151557 4m 82.5m 8.6™ 3.8 2.ms
Nx P

..x..i.l{@.x.p)seﬁi)@Jk}léw,:d)\:@”)é)\;@mrxﬁwgﬁsjy:**}*‘ns
ns, " and ** are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 3. Effect of different levels of water, nitrogen and phosphorus on grain yield, N uptake,
NU,E, NU{E and NUE of maize

wh e . do oL . . P
s O3 /0 S yoms ‘f."“-f-.) 05575 Jods o8 0385 O pn o1,8
u)u ol u.\> QoI
Grain yield NUE NUE
Treatments N uptake NUE | .
(ke ha'!) (kg GY Kg' N (kg GY kg
(Kg N ha") (/) uptake) Nsui])
ETcso 69624 +158" 177.0 £6.4 55.142.7 40.5+0.8 225412
ETc ETcioo  8038.1+217.8 223.3 10 66.9 £2.7 37.840.9 25.5+1.3
ETcio  8057.6 £164.6 218.9 8.1 68.0 +3.3 38.1 £0.8 262 +1.5
HSD 1173.4 16.7 5.3 52 33
No 6357.9 £101.7 148.0 £3.6 86.9 2.1 43.6 407 37.4+0.6
N“mgef; (kgha 0 7905.1 £154.3 216.0 6.5 583 +1.7 37.4 0.7 21.4+0.4
Naoo 8795.2 +151 255248 447 £1.4 353 £0.6 15.4 403
HSD 192.9 472 53 5 1.4
Po 7330.9 £175.8 183.0 £7.1 56.542.6 41.440.8 23.4+1.3
Ph“pﬁ‘;,r;ls ke py 7717141976 209.0 8.6 642 +3 38.3 0.7 248413
P200 8010.1 £200.1 2272493 69.3 3.1 36.7 £0.8 25.6+1.4
HSD 549.3 31 8.2 2.7 1.5

TStandard error.
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Loy oo 5 4 (F o) ZaL 2als o5
SB35 skl Bl sl ow S
3 Ses a8 Eol ol 53 S b (o
e 05 A S gl b oS s D)5 il
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Table 4. Interaction effect of water use and nitrogen on grain yield, N uptake, NU,E, NUE and

NUE of maize
bleg R Jas oS EULY
ot e . UL O
. BB 35 0 Samed
Treatments als sjgka 05 5 QoI
ol = NETRN
Grain yield NU.E NUE
Nitrogen N uptake P NUE
ETc (kg ha'!) , (kg GY
(kg ha™") (Kg N ha () Kg (ke GY
1) Nuptake) kg'] Nsoil)
No 5836.4 1617 132.545.1 77.9 £3 44.5 £1.1 34.340.9
ETcsgo N 7111.2
200 2142 184.3 +9 498 +2.4 39.4+1.3 19.2 £0.6
N 7939.6
400 +172.6 214.2 +8.7 37.6 1.5 37.7 £1 13.9+0.3
N 6408.4
0 +140.6 148.7 6 87.4+3.5 43.9+1.3 37.6 +0.8
ETcioo N 8219.0 233.0
200 £269.6 £10.5 62.942.8 35.8 £1 22.2 0.7
N 9486.8 288.1
400 +264.4 +14.2 50.5 2.5 33.6 £1 16.6 0.5
N 6828.9
0 +£147.9 162.8 +5.8 95.6 £3.4 42.5+12 40.1 0.8
8385.0 230.6
ETeizo Nzoo +218.7 +10.6 623428 37.0 £1 22.6+0.6
N 8959.0 263.2
400 +202.3 +12.3 46.2 2.1 34.8 +1 15.7 0.3
HSD 604.4 12.2 4.8 55 1.8

TStandard error.
osh?)#qdhgsjﬂs&)&‘kﬁt&
Warren) Coul olds il 5 oSist bl 5
et al., 1996; James et al., 2005; Graciano et

(al., 2006)
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8- Synergistic
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Table 5. Interaction effect of nitrogen and phosphorus on grain yield, N uptake, NU,E, NUE and

NUE of maize
b las S g e L
o T Js bl e o)
als 3 Shee e 059 50 055 5 ) )
Treatments - 08/ NETP
ol
Grain
) yield NU:E NUE NUE
Nitrogen Phosphorus N uptake (Ke N
& ke GY Kg= (kg GY kg!
1 1 (kg ha™) ) . (kg g (kg g
(kgha')  (kgha') (Kg N ha upltake | ke iy otake) Neoi)
1) NSOll)
> 6202.6
0 +163.47 133.944.7  78.6£2.7 46.7 £1 36.4+0.9
No Proo 6317.2
£177.5 151.0 463  88.7+3.7 42.4+1.1 37.1+1
P 6553.8
200 +186.5 159.2 6.5 93.543.8 41.8+1.2 38.5+1.1
P 7461.0
0 £246.3 1904489 514424 39.8+1.2 20.2 +0.7
8035.1
Naoo Pioo 12562 21684108  58.542.9 37.8 +1 217 40.7
P 8219.1
200 +279.5 240.7+11.1  65.0+2.9 34.7 £1 222 40.7
P 8329.0
0 +259.2 22474112 39.4+1.9 37.6 0.8 14.6 0.5
8799.1
Naoo P1oo £2793 25914138 454424 347409 154405
P 9257.4
200 £207.1 281.7+13.6  49.4+24 33.7+1.2 16.2 0.4
HSD 428.0 13.9 2.6 2.4 1.0

TStandard error.
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Table 6. Direct effect of NU,E and NUE on NUE and PU,E and PUE on PUE in path analysis
NUE vs NUE and NUE PUE vs PU,E and PUE
Treatments
Path coefficient Path coefficient
N P R? (%) R? (%)
ETc NU,E NUE PU,E PUE
(kgha')  (kgha')
Po 1.33 0.62 994 1.34 0.52 99.9
No P1oo 1.36 0.6 99.6 1.42 0.63 99.8
P200 1.25 0.98 99 1.55 1.72 98.2
Po 1.4 0.95 97.7 1.1 0.71 99.1
ETcsgo N2oo P1oo 1.62 0.92 98 1.96 1.18 95.9
P200 1.22 0.81 99.3 1.16 0.69 99.8
Po 1.4 0.96 99.3 1.35 0.52 99.8
Naoo P1oo 1.74 0.86 99.5 1.72 0.78 98.9
P200 2.58 2.03 91.3 1.97 1.33 96.6
Po 0.77 0.70 99.9 1.32 0.64 99.9
No P1oo 2.37 2 97.8 1.08 1 99.9
P200 1.96 1.96 92.8 2.2 2.19 933
ETecro Po 1.98 1.49 95.1 2.85 2.07 88.6
N2oo P1oo 1.22 0.40 99.6 1.05 0.48 99.9
0 P200 1.15 0.78 99.9 1.22 0.56 99.8
Po 1.67 0.79 99.1 2.01 1.26 97.5
Naoo P1oo 1.17 0.50 99 .4 1.27 0.69 98.6
P200 1.99 1.50 95.7 2.22 1.37 97.4
Po 2.19 2.30 94.5 1.47 1.04 99.2
No P1oo 1.41 0.04 99.7 1.29 0.88 99.9
P200 1.33 0.64 99.6 1.40 0.78 99.8
ETcp Po 0.98 0.59 99.8 1.15 0.66 99.8
N2oo P1oo 1.63 0.81 99.1 1.61 0.69 99.5
0 P200 2.08 1.55 97.6 1.89 1.12 98.6
Po 1.83 0.88 99.2 1.32 0.44 99.8
Naoo P1oo 1.90 0.99 97.8 2.09 1.23 96.8
P200 1.98 1.26 97.7 1.97 1.28 99.5
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Table 7. Results of variance analysis (mean of squares) for P uptake, PUpE, PUtE and PUE of
maize under different treatments of nitrogen, phosphorous and water

s ks Sl pd Sse b Odr QIS i LA oD R e oL
Sourcesof  df P uptake PU,E PUE PUE
variation
Ji. (Year) 1 270.8™ 428.2m 149.8" 2142.1m
REP(Year) 4 86.4 63.2 780.0 309.7
oS 3% 5 s (ETC) 2 937.9" 900.2" 3856.8™ 2595.1"
Year x ETc 2 20.5" 15.1ms 652.3" 104.5m
REP x ETc (Year) 8 237 20.0 617.6 51.7
0355 (N) 2 553.1° 494.1™ 5698.1 8608.4"™
s (P) 2 1451.0° 41302.2* 25189.2* 259287.8"
N xP 4 11.2m 68.3" 105.07 1688.5"
ETc x N 4 39.9° 549 302.7™ 267.1"
ETc x P 4 11.6" 144.3" 302.7™ 743.7"
ETc x N x P 8 1.3m 19.1* 115.77 57.7m
Year x N 2 21.3m 2.3m 544.9 39.9ns
Year x P 2 26.4" 598.8 791.3 110.97
Year x N x P 4 8.7 6.2m 144,80 39,8
Year x ETc xN 4 5.8m 5.0 230.9™ 26.4
Year x ETc x P 4 2.5m 4.8 285.5m 46.0m
Year x ETe x N> 8 4.4m5 2.9 194.0m 27.0m

P

..uuue.\.,p_sg)@Ju’lcaﬂﬁ‘_;)u@,w\;@”vxﬁw%;gz**,*‘ns

ns, * and ™ are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 8. Effect of different levels of water, nitrogen and phosphorus on P uptake, PULE, PUE and
PUE of maize
}5....3 Sy . o ;)fm &blf
: P UL A Jid5 2 o
okl o gr
bjles
PU,E PUE
P uptake PUE
Treatments ~ (KgPuptake kg (kgGYKg'P B
(KglP ha Nsoil) uptake) (kg GY kg
) Psoil)
ETcso  31.1+0.97 31.7+£29 229.8 +4.5 744 £7.3
ETc ETcioo  38.7£1.2 392435 2153 +4.4 86.4 +£8.6
ETci20 38.2+1 38.6 £3.4 219.4+3.8 86.4 £8.4
HSD 5.1 4.4 29 11.6
No 30.0 £0.8 30.6 £3 218.6 £3.5 68.8 £6.8
Nitrogen (kg ha') ~ Naoo 36.8 1.1 372433 2234442 84.3 8.1
Naoo 41.1+1.2 41.7+£3.5 222.5+4.1 93.9 £9.1
HSD 5.2 1.7 26.5 7.2
Po 30.9 £0.8 68.2 £1.8 240.3 +£3.7 161.5 +4
Ph"sl’li‘f)“s ke po 35741 24.5+0.7 226.9 +3.8 53.0+1.4
P200 413 +1.1 16.8 £0.4 197.3+£34 32.6 0.8
HSD 5.8 27.7 31.9 52.1

TStandard error.
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Table 9. Interaction effect of water use and nitrogen on P uptake, PUyE, PUE and PUE of maize

B Aud S5 Sedodr gL S fs DS s e LS
Treatments o
PULE PUE PUE
ETe Nitrogen P uptake (Kg P uptake kg' (kg GY Kg'! (kg GY kg!
(kg ha) (Kg P ha'') Nioil) Puptake) Pioil)
ETcso No 289 +1.3 29.8+4.9 206.2 £6.2 634 £11.1
N20o 31.4+1.7 32.1+£5.2 231.8+7.9 75.7 £12.8
Naoo 325+14 329452 248.6 +6 83.9+13.9
ETcioo No 33.1+14 33.6+5.1 197.0 +6 68.9 +11.7
N2oo 39.4 +2 39.7+6.2 213.1£7 87.6 £14.7
Naoo 425422 43.3 £7 229.2£7.9 102.6 £17.7
ETci20 No 345+1.3 35.545.7 201.0 +6 742 +12.9
N20o 39.2+1.8 394 +6 218.0 £6.3 89.6 £15.2
Naoo 40.1 £1.9 40.3 +6.2 228.2 £6.3 953 +15.9
HSD 43 4.1 27.2 9.2

TStandard error.
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Table 10. Interaction effect of water use and phosphorus on P uptake, PU,E, PUE and PUE of

maize
byl S S5 L . L
o Ja..msg.b.-dblf MJ’_J‘:JGLUK MJW@‘)K
ok d
Treatments
PULE PUE PUE
P uptake
Phosphorus (Kg P uptake kg (kg GY Kg'! (kg GY kg'!
ETc (KgP Naoil) Pupake) Pyoil)
(kg ha_l) ha'l) soi uptake soi
ETcso Po 27.0=£1.1 59.6 £2.6 245.2 £6.9 145.0 £6.1
Pioo 30.2£1.3 20.7 £0.8 236.0 £6.8 48.5£1.9
P20o0 35.6 t14 14.5 £0.5 205.5+6.9 29.6 £1.2
ETcioo Po 33.0£1.6 72.8 £3.5 236.0 £7 170.1 £7.5
Pioo 37.8+1.8 259+1.2 212.1 £6.1 54.8 £2.8
P200 442 2 18.0 0.8 191.2 £5.6 34.1 £1.5
ETci20 Po 32.4+40.9 71.5+2.9 238.14£5.2 169.5 +6
Pioo 37.9 £1.6 26.0 +1.1 215.6 £5.5 55.6 £2

P20o0 43.6 +1.7 17.7 £0.7 193.4+4.9 34.1 £1.2

HSD 2.8 3.9 30.3 12.1

tStandard error.
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Table 11. Interaction effect of nitrogen and phosphorus on P uptake, PULE, PUE and PUE of

maize
bsles S5
Gl b b ol 1,8 b b5 G s e S
Treatments
ol
PU,E PUE PUE
Nitrogen Phosphorus P uptake (Kg P uptake kg (kg GY Kg! (kg GY kg’
(kg ha_l) (kg ha_l) (Kg P Nsoil) Puptake) Psoil)
ha!)

No Po 28.2 £0.9 62.2+2.3 221.1+£3.9 136.6 £3.9
N2oo P1oo 31.6 £1.1 21.7 £0.7 201.4+3.6 434 +1.2
Naoo P200 36.8 £1.5 15.0 £0.6 181.6 £6.3 26.7 £0.7

No Po 31314 69.0 £3.2 241.4 +£6.8 164.3 £5.7
N20o Pioo 36.4 £1.8 25.0£1.2 2252 +6 552 +1.8
Naoo P200 424 +19 17.2 £0.8 196.2 +4.2 33.4+1.1

No Po 32.9+1.6 72.5+£3.6 256.8 £5.2 183.6 £6.3
N2oo P1oo 379 +2 26.0£1.4 237.0 £6.7 60.4 £1.9
Naoo P200 443 +1.9 18.0 £0.7 212.2+49 37.7+0.8

HSD 5.3 4.5 21.6 11.3

tStandard error.
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Introduction: Water and nutrient deficiency often restrict growth and production
potentials of agricultural ecosystems in arid and semi-arid environments (Cao et
al., 2007). It has been reported that the effects of nutrient supply and water regimes
may interact significantly on plant growth (Hu and Schmidhalter, 2005). A simple
assessment of the effect of each input may not show a complex interaction with the
other inputs. Therefore, it is necessary to understand the interactive effects of soil
water and nutrients on plant growth in the arid environments. Hence, the objectives
of this study were to: (1) determine the interactive effects of ETc, nitrogen and
phosphorus on yield and N-P efficiency indicators in maize crop and (2) evaluate
the importance of uptake efficiency versus utilization efficiency of nitrogen and
phosphorus on NUE and PUE.

Materials and Methods: This study was carried out at the research farm of
Ferdowsi University of Mashhad, Iran, located 10 km east of Mashhad at 36.16°
North latitude, 59.36° East longitude, and height of 985 m above sea level in two
growing years of 2014 and 2015. The experiment was conducted as split plot based
on a randomized complete block design with three replications. The main plots

consisted of three levels of 80 (ETc, ), 100 (ETc, ) and 120 percent (ETc, ) of plant

100 120
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water requirement based on crop evapotranspiration, and the sub-plots included a
factorial combination of three N levels (0, 200 and 400 kg ha') and three P levels
(0, 100 and 200 kg ha'). Combined analysis of variance was performed by SAS
9.4 software, and means of different treatments were compared by Tukey test at the
probability level of 5%.

Results and Discussion: Maize grain yield increased significantly as a result of
the increase in the all inputs. However, effect of nitrogen on grain yield was more
pronounced than the others. Application of 200 and 400 kg ha' N caused 24% and
38% increases in maize yield, respectively. The interaction effect of ETc and N for
grain yield was significant, and the highest and the lowest maize yields of 9486.8
and 5836.4 kg ha' were respectively obtained with ETc, N and ETc, N . When

100~ "400 80" 0°

the applied water increased up to ETc ., all the nitrogen rates increased the maize

100°
yield but the use of water higher than this level resulted in the decreased grain
yield in N, .
ultimately leads to the reduction of yield. According to these findings, irrigation
higher than ETc  decreased N uptake in this treatment. The trends of NUE and

PUE in response to treatments were similar to that of grain yield. It has been

It appears that under these conditions, leaching increases, which

reported that changes in each of the P use efficiency components are significantly
dependent on plant yield (Fageria et al., 2014). The interaction of nitrogen and
phosphorus showed that in N, the effect of different levels of phosphorous on
grain yield was not significant, while phosphorus application at nitrogen levels of
N,, and N, significantly increased maize grain yield. These observations suggest
that the interaction of nitrogen and phosphorus on grain yield and nutrient uptake
is synergistic. The results of path analysis indicated that in most of the treatments,
the effect of N and P uptake efficiency was more conspicuous on the NUE and PUE
as compared to that of their utilization efficiency.

Conclusion: The results showed that maize grain yield improved with increasing
the inputs. The magnitude of the effects of all inputs on yield was in the order of
N > ETc > P. The interaction effect of ETc and N showed that ETc (N, was the
optimal treatment for the simultaneous improvement of maize yield and nitrogen
efficiency. The interaction of N and P on the yield and nutrient uptake was found
to be positive and synergistic. Overall, this study showed the importance of the
interactive relationships between water and nutrients for achieving both the highest
grain yields and nutrient use efficiency.

Keywords: Optimization; Resource limitation; Uptake efficiency; Utilization
efficiency; Water requirement
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