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Abstract: [ Objective] Root is a major organ of maize for the absorption of soil nitrogen nutrition. The spatial concordance
index between maize root and soil nitrogen distribution might have an influence on nitrogen uptake and utilization of maize. The
purposes of this study were: (1) to analyze the effects of water and nitrogen treatments on maize root distribution and the spatial
concordance index between maize root and soil nitrate content; (2) to determine the effectiveness of spatial concordance index
between maize root and soil nitrate content. [Method] From 2011 to 2015, the experiment was set in six treatments, including
WONO (0), WON1 (0+300 kg N-hm™), WON2 (0+360 kg N-hm™?), WINO (750 m*-hm?+0), WINI (750 m>hm?+ 300 kg N-hm™),
and WIN2 (750 m*hm™+ 360 kg N-hm™), in which irrigation occurred at spike formation stage, and nitrogen applied at jointing
stage (30%N) and spike formation stage (70%N). In maize growing season of 2015, soil samples were collected in and between
maize planting lines at jointing, spike formation, silking, 20 days after silking, and mature stage. Root length density (RLD) and root
dry weight density (RWD), soil nitrate content, spatial concordance index between root and soil nitrate content, and nitrogen
absorption were analyzed. [Result] With the development of maize growth process, both in and between the lines of maize, RLD,
RWD, and soil nitrate content increased first and then decreased. The maximum values of RLD and RWD occurred in 20 days after
silking, and the maximum value of soil nitrate content occurred at spike formation stage. In the range of 0-360 kg-hm™, with the
increasing of nitrogen application rate, maize RLD and soil nitrate content before silking stage kept increasing. However, maize
RWD and soil nitrate content after silking stage increased first and then decreased, and the maximum value occurred in 300 kg-hm™
nitrogen application treatment. At the late stage of maize growth, irrigation increased RLD and RWD, but decreased soil nitrate
content. With the increasing of soil layer depth, RLD1-N (the spatial concordance index between RLD and soil nitrate content at the
maize planting line) and RWDI-N (the spatial concordance index between RWD and soil nitrate content at the maize planting line)
showed a decreasing trend, RLD2-N and RWD2-N showed a trend of increasing first and then decreasing, the maximum value
occurred in 10-30 cm soil layer. With the development of maize growth process, RLD1-N, RWDI-N, and RWD2-N , and RLD2-N in
0-40 cm soil layer showed a trend of increasing first and then decreasing. Compared with no nitrogen treatment, nitrogen applications
significantly increased RLD1-N, RLD2-N, RWDI1-N and RWD2-N. When increasing nitrogen from 300 kg-hm™ to 360 kg-hm?, the
RLD2-N of 0-30 cm soil layer, the RWD1-N of 0-20 cm soil layer, the RLD1-N from jointing to silking stage, and the RWD2-N of
0-20 cm soil layer were decreased; and the RLD2-N of 40-50 cm soil layer, the RWD1-N of 20-50 cm soil layer, the RLD1-N and
RWD2-N after silking stage were increased. RLD1-N, RLD2-N, RWD1-N, RWD2-N had a remarkable correlation with maize yield
and nitrogen use efficiency, which the correlation coefficient was higher than between root length density, root weight density and
maize yield, nitrogen use efficiency. [Conclusion] Under field conditions, nitrogen fertilizer application increased RLD, RWD,
RLD1-N, RLD2-N, RWDI-N and RWD2-N, but decreased RWD, RLD1-N before silking, RWD2-N, RLD2-N and RWD1-N when
nitrogen fertilizer application exceeded 300 kg-hm™. The spatial concordance index between root and soil nitrate can be a effective
index to assess nitrogen use efficiency of maize.

Key words: maize; root length density; root dry weight density; soil nitrate content; spatial concordance index
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Fig. 1 Precipitation during maize season (2015)
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Table 1  Soil bulk density, pH values and the basic index

TR T pH TIEAHLT HBA T pLvy Gl

Soil depth (cm) Soil bulk density (g-em™) Organic matter (g'kg")  Available N (mg'kg')  Available P (mgkg')  Available K (mg'kg™)
0-10 1.32 8.02 15.90 117.23 2431 222.07

10-20 1.39 8.16 13.31 102.14 20.60 197.88

20-30 1.52 8.27 10.87 88.97 8.21 152.29

30-40 1.62 8.19 9.43 60.45 6.23 120.37

40-50 1.67 8.30 6.82 36.76 6.05 87.45
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Black spot means maize planting site. A and B mean location at the maize planting row and between the maize planting row, respectively. The same as below
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Fig.2 Schematic diagram of sampling locations
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JS, MTS, SS, 20AS, and MS mean jointing stage, male tetrad stage, silking stage, 20 days after silking stage, and maturity stage, respectively. Different
lowercase letters in same growth period mean significant difference at the 0.05 level. A and B mean location at the maize planting row and between the maize

planting row, respectively. The same as below
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Fig. 3 Maize root length density in 0-50 cm soil profile under different water and nitrogen treatments
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Fig. 4 Maize root dry weight density in 0-50 cm soil profile under different water and nitrogen treatments
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Fig. 5 The soil nitrate content in 0-50 cm soil profile under different water and nitrogen treatments
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Table 2 The spatial concordance index between the density of maize root length and soil nitrate content in the maize planting row

HEH I TERE AbH Treatment
Growth period Soil depth (cm) WONO WONI WON2 WINO WINI WIN2
PATI) 0-10 4.226¢ 6.948a 5.705b 4.227¢c 7.354a 5.763b
Jointing stage 10-20 4.105¢ 6.790a 4.945b 4.126¢ 6.678a 5.104b
20-30 1310¢ 3.171b 4.059 1.466¢ 3.184b 3.925a
30-40 2.485bc 2.777b 3.993a 2271c 2.706b 3.861a
40-50 0.634b 1.081a 1.014a 0.584b 1.036a 0.980a
PN LNEE| 0-10 8.484b 20.564a 23717a 8.066b 22.641a 24.188a
Male tetrad stage 10-20 6.456¢ 24.634a 17.458b 6.813¢ 26.314a 18.115b
20-30 5.264c 15.219a 6.817b 5.806bc 15.244a 6.511b
30-40 5.425¢ 5475¢ 11.43b 5.307¢ 5.503¢ 12.558a
40-50 3.562b 5.132a 2.932¢ 3.546b 4.995a 3.306b¢
i 24 J§) 0-10 16.049b 32.184a 29.263a 16.092b 32.326a 29.482a
Silking stage 10-20 10.350d 14.661c 16.225ab 11.017d 14.844bc 17.139
20-30 4.702¢ 6.846a 6.396a 5.388b 6.403a 6.158a
30-40 2.520¢ 7.168a 4.545b 2.578¢ 7.073a 4.844b
40-50 2.012¢ 6.117a 3.029b 2.036¢ 5.934a 3.348b
225 20 d 0-10 15.871d 28.235¢ 31.325b 15.404d 29.337be 34.820a
20 days after silking 10-20 9.203b 23.718a 24.739a 9.513b 23.725a 25.620a
saee 20-30 5.765¢ 4.348d 7.595a 6.649b 4.184d 7.446a
30-40 2.360d 4274c 5.091b 2.020d 4333c 5.797a
40-50 4745 3.395bc 3.130¢ 4727a 3.559 3.736b
A 0-10 8.061c 9.348ab 9.788a 8.486bc 9.943a 10.015a
Maturity stage 10-20 2.655d 11.907b 9.536¢ 2.821d 12.939a 10.237¢
20-30 4.850b 2.575d 4.264c 5.371a 2.757d 4279
30-40 1.483¢ 2.002b 2.290a 1.505¢ 1.983b 2.402a
40-50 0.844c 1.130b 13752 0.890¢ 1.167b 1371a

AT 7 Ja AN NS P REROR 2 R A B K (P<<0.05). T I

Different small letters in the same row mean significant differences at the 0.05 level. The same as below
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Table 3 The spatial concordance index between the density of maize root length and soil nitrate content among the maize planting rows

AR I T EIRE AbH Treatment
Growth period Soil depth (cm) WONO WONI WON2 WINO WINI WIN2
P 0-10 1.121c 2.204a 1.765b 1.122¢ 2.273a 1.653b
Jointing stage 10-20 2.620c 4.660a 3.436b 2.683¢ 4.552a 3.458b
20-30 1.557¢ 3.399b 4.326a 1.546¢ 3.258b 42032
30-40 0.822¢ 1.241b 1.592a 1.003¢ 1.107b 1.562a
40-50 0.419b 0.711a 0.673a 0.390b 0.697a 0.656a
I 0-10 2.239d 7.227a 5.864c 2.370d 6.797ab 6.340bc
Male tetrad stage 10-20 4205d 15.184a 9.702¢ 4.185d 15.638a 11.135b
20-30 6.504b 18.201a 7.281b 7.111b 17.807a 7.641b
30-40 4294c 5.097b 10.684a 5.071b 4.876bc 11.174a
40-50 1.602cd 1.874b 1.226¢ 1.472d 2.454a 1.688be
i 22 341 0-10 1.357d 3.023a 2.505¢ 1.336d 2.801ab 2.722bc
Silking stage 1020 2.898d 4.729ab 3.878¢ 2.748d 5.125a 4282bc
20-30 2.649b 3.180a 3.364a 2.776b 3.209a 3.291a
30-40 1.443¢ 3.667a 2.553b 1.421¢ 3.879 2.773b
40-50 1.255¢ 3.076a 1.582b 1.132¢ 3.128a 1.693b
M2 J5 20 d 0-10 1.820d 3.932b 3.488¢ 1.860d 4319 3.709bc
20 days after silking 1020 2.951b 7.836a 7.885a 2.933b 8.048a 8.060a
sage 20-30 3.540¢ 2.370d 4.380a 3.935b 2.404d 4.129ab
30-40 1.790¢ 3.368b 3.964a 1.545¢ 3.289b 4.194a
40-50 4.466a 2.876b 2.940b 44292 2.979b 3.315b
FA 0-10 0.826b 0.949a 0.840b 0.822b 0.977a 0.960a
Maturity stage 10-20 1.249¢ 5.562a 4.122b 1.289¢ 5.785a 4359
20-30 2.549ab 1.486d 2.352bc 2.663a 1.364d 2.204c
30-40 1.037¢ 1.341b 1.554a 1.037¢ 1.362b 1.676a
40-50 0.717d 0.970¢ 1.090b 0.662d 1.002¢ 1.256a

RLD2-N G A5 5T n AR A 35, I fE tH A
KWW . 1T 40—50 em 2 IR EAE{L, NO
N2 b PG AE HBRAEI 22 )5 20 d, N1 &b PG H B
et 2234,

& T 22 )5 20 d 9 40—50 cm AR ] 20—30 em
246, 5NOAEL, N1 FIN2 4b 3 252 7 T RLD2-N,
YR 87.47%F1 72.22%. £E 0—30 cm &%+ )2, B
TH42)520d 1) 1030 cm +)2, NI 4:# F RLD2-N
YIWEET N2 ALBE, $2mT 19.01%. 1M1 N2 A3
T 40—50 cm /2 RLD2-N, 5 NI #itb, 7
18.07%. RMIW\ 1 HHFEREXT RLD2-N 5% 0 A i .
2.3.3 MEMRTEFRESIEHISAZEAYEE
M 4 TTLLE Y, 7E 0—50 cm HIEF o, RikEATE

FORMR A2 B S AT W) & B (RWDI-N)
W& T2 IR S I PR R E KA
iR, %12 RWDI-N Sk ST s AR AL
e, AR L ZEAE HELNH A E . 0—10. 20—30 Al
30—40 cm 2 PUEAE IR 22 3], 10—20 em AN
JIE A B R TR I 22 30T, it U A R DA (R 1 LA 22
J5 20 d, 1M 40—50 cm ANt AL A PR UG HY B AR I 22 5
20d, Jiti AL UG AR H A I 22 38
B T 225 20 d 1) 40—50 cm AR 0—10.

20—30 cm FJ24h, 5 NO AL, N1 ORI N2 AbELE
/T RWDI-N, Z0l#s 100.62%F 96.11%. 5
N2 ML, N1 AFEHE S T 0—20 cm 1+ )2 RWDI-N,
{HEFE T 20—50 cm +)22 RWDI-N. KM\ 11 3% 0%
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Table 4 The spatial concordance index between the density of maize root dry weight and soil nitrate content in maize planting rows

HEH I TR Kb Treatment
Growth period Soil depth (cm) WONO WON1 WON2 WINO WINI WIN2
P 0-10 13.921d 23.876b 20.615¢ 14.390d 26.815a 21.258¢
Jointing stage 10-20 4.569d 7.113b 6.184c 4.882d 7.851a 6.239¢
20-30 2.092¢ 4.458b 6.133a 2.185¢ 4251b 6.236a
30-40 1.388cd 1.516¢ 2.019b 1.283d 1.941b 2.722a
40-50 0.847¢ 1.443b 1.344b 0.775¢ 1.712a 1.643a
P ILNEE Y 0-10 73.825b 181.458a 179.196a 69.440b 193.451a 189.095a
Male tetrad stage 10-20 6.280c 24.998a 16.902b 6.576¢ 25.490a 18.072b
20-30 5.450¢ 14.653a 6.593b 5313¢ 14.145a 6.165bc
30-40 3.989¢cd 3.778d 7.831b 4.493¢ 4375¢ 8.926a
40-50 1.628¢cd 1.902b 1.728be 1.482d 24752 1.687bed
i 22 341 0-10 82.516b 168.990a 155.536a 85.741b 166.509a 157.671a
Silking stage 10-20 14.503¢ 24.801a 21.735b 15.277¢ 25.275a 23.126ab
20-30 4501b 6.064a 6.579 5.023b 6.151a 6217a
30-40 2.708d 7.416a 4.593¢ 2.675d 7.560a 5.394b
40-50 1.142¢ 3.298a 1.989b 1.224¢ 3.472a 1.964b
25 20 d 0-10 69.392b 136.709a 145.452a 72.973b 135.283a 146.216a
20 days after silking 10-20 9.191¢ 24.487a 22.752b 9.194¢ 24.330a 25.667a
sage 20-30 4.049¢ 3.039d 5.634a 4.826b 3.132d 5.544a
30-40 1.523¢ 3.287b 3.975a 1412¢ 3.092b 4.086a
40-50 1.848a 1.292b 1.351b 1.748a 1.405b 1.287b
A 0-10 41.376ab 44.670ab 44.615ab 41.258b 46.735a 46.458ab
Maturity stage 10-20 4414c 20.131a 14.239b 4.525¢ 19.975a 15.355b
20-30 0.461a 0.248¢ 0.398b 0.470a 0.218¢ 0451a
30-40 0.714d 0.915¢ L111b 0.688d 0.947¢ 1.266a
40-50 0.418¢ 0.522b 0.631a 0.398¢ 0.544b 0.621a

X} RWDI1-N sZH A i o
234 TARTEZELE L EMIAZHYEE
£ 0—>50 cm TAEFII T, AT E FORMRTEH LS T
AR W) S (RWD2-N) B + 2 g sk 5
Fed g A WE HILAE 10—30 em T2 (R 5).
Bt H TR AE T YR, 0—40 cm % 1-)2 RWD2-N Sk
LV o) W)= e B S5 T (SRR B2 R BN VAN P ]
40—50 ecm 1), NO AP HBL/EN 22 /5 20 d, N1
N2 Ab FRIGEAR H AR 22 5

BT 2205 20 d [ 20—30. 40—50 cm FlkEAdY
20—30 cm 248, 5 NO AHLL, N1 A1 N2 AbHE i 4%
15 7 RWD2-N, 4354 55 91.32%F1 68.45%. WA &,
5 N1 AFEAR LG, N2 AR BEFRAIS 1 4519 28 22331 0—20 cm

+ 2 RWD2-N, f{H# 7225 20 d A2 3l
RWD2-N. KB\ THFEREAST RWD2-N 500 AN B o
2.4 XML

N TR AR, T ESE S FIEHAR
WG FEFRbR AR, K& REfRbR . R
W T RS E K E A SRR T
AHRIE B, S5 R 6.

M 6 WTLAE Y, i S R A RO 5 255 ]
W5 FEFR BRI R 25 (8] 23 AT FE FR R AR SR I —
B}, rEWSZEREEFEEMCCR, AEFMHBE
HZ BRI BFE MK R, F, AEFMHASERS
AR T IEET MW & TEFRPR Z A B Z ARG, KRR
HR i T IS AR R A R AT FR RS A O R AL
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Table 5 The spatial concordance index between the density of maize root dry weight and soil nitrate content among maize planting

TOWS
HEH I TRRE A H Treatment
Growth period Soil depth (cm) WONO WONI WON2 WINO WINL WIN2
AT 0-10 1.005d 1.678b 1.294¢ 0.912d 1.948a 1.245¢
Jointing stage 10-20 3.804b 6.185a 4.055b 3.942b 5.801a 4.051b
20-30 2.397¢ 5.405¢ 6.990a 3.006d 4.904¢ 6.144b
30-40 0.549bc 0.611b 0.804a 0.513¢ 0.547bc 0.790a
40-50 0.000a 0.000a 0.000a 0.000a 0.000a 0.000a
PN I[UNEE 0-10 2.106¢ 6.294ab 5.851b 2.406¢ 6.45% 6.232ab
Male tetrad stage 10-20 3.878c¢ 11.266a 7.754b 2.978¢ 11.541a 8.104b
20-30 5.882c 17.14a 8.006b 6.236¢ 16.471a 7.997b
30-40 4.031c 4.460c 7.784b 4357¢ 4.010¢ 7.747a
40-50 1.257¢ 1.858a 1.608b 1.181¢ 1.770a 1.498b
] 0-10 0.871c 1.574b 1.513b 0.811c 1.839a 1.720a
Silking stage 10-20 2.877d 3.844c 4.621b 2.970d 4.483b 5.191a
20-30 2.614d 3.473a 3.243ab 2.899cd 3.533ab 3.112bc
30-40 1.195d 3.075b 2.276¢ 1.248d 3.400a 2.249¢
40-50 1.323de 2.795b 1.557d 1.241e 3.18% 1.838¢
M4 J5 20 d 0-10 0.519d 1.081c¢ 1.448a 0.587d 1.244b 1.389a
20 days after silking 10-20 1.623¢ 5.098a 4.446b 1.768¢ 4.741ab 4.742ab
see 20-30 2.263b 1.700¢ 2.767a 2.489b 1.575¢ 2.930a
30-40 0.805d 1.450c 1.673b 0.696d 1471¢ 1.869a
40-50 1.873a 1.216b 1.255b 1.746a 1.261b 1.292b
] 0-10 0.199b 0.260a 0.252a 0.234a 0.247a 0.241a
Maturity stage 10-20 0.595d 2.178b 2.034bc 0.637d 2.588a 1.959¢
20-30 1.061b 0.627d 0.904c 1.333a 0.636d 0.925¢
30-40 0.364c 0.539b 0.635a 0.401c 0.488b 0.611a
40-50 0.168d 0.284ab 0.308a 0.211c 0.270b 0.307a

*6 BIIREXMES

Table 6 The correlation coefficients among indexes

TiH Ttem Poh Yield ZEAFZ#%E NUE RLDI-N  RLD2-N RWDI-N RWD2-N  RLDI RLD2 RWDI1 RWD2
o Yield 1 -0.62%* 0.71%* 0.66%* 0.71%% 0.69%* 0.69%* 0.68** 0.61%* 0.58*
REF MR NUE 1 S0.86%F  -0.83%F  -0.86%*  -0.79%*  -0.58% -0.55% -0.55% -0.51%*

R RINAGELE 0.01 KT 35 * R IEAE 0.05 K W3

**: Correlation is significant at the 0.01 level. *: Correlation is significant at the 0.05 level

3 it
3.1 IRKEESRTESEKEA RN
T KM R T 140 A 5]

HHRE K PT LA B A OKAE S SRR A 2 R 2%
J5 o RIS B A il 4, B R R A 235 B AN T 4
AH R AR T 7 25 8 50 T v T A, W R A e A
300 kg-hm™ 2 FH . 3% 3 WG B it B A R T B Rk

AR L R R . ABFFCRIIRMIN L ARKAKKRE, MidEEEN SR REK, H5
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