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B, mARics P R, R EIL AW E
KA R AR AR SR T AR A Bt A 7 AR g S e
W 2R Ak, fEdhifEnt 22 Wkt KA, ABF5E T,
BEE AT RS, TRARATE, REMR
FE AL R e 5 AR AR b 3, e IR sk
1EJ5 20 d IR B KA. AUIE— UM it 52 4F B[]
FRIFE MR, T ZEUAE 2 Uk it FH Ak B R A o 1] 2 BRUAH
XPRRE, AT RS — R SR, B 2 Uit FH Ak
FRTEAE ST 20 d FUBCEAD], HAEMR AR TH, SHRK
FURAR R ARG e 2 . DO TR T AR RIE Ak
B, N1AOFRTE 12 fem- (X A JR A4 2 T 4]
YERT, T N2 AbBRAEE TR RAERZ LA K,
HBEE HJZRERIS M, HARRTE ., RKARE
AR T NO A3, IRAEME SR R A, IRAESRME
IR AL 1 KR 2R A B LA S, (i
WL AR Risk, WELER > ABseh,
MARTE LSRR, PIAERI NO A3 i 35 5 T N1
FIN2 ZbFE (P<0.05); MR R VP HIERE, 1E
BT, JCAUX Lt AL B3 0 11.94%, AT
AESE A X —HAZ 25 a , B AR b -
WA E EARNFE T WIVER, R R HR
WK, @t 2wk b S TR ANAK, il
R A2 o RS 2
3.2 E KA R XA — Uk it A Uit FE
M S

FEOPMAR R A K B B S A A o T
DRI e R I S0 ZE S TR A B4 p g 12
PIRIFTE A, — Uit FH E AR A B Uk it A B . 3
FARFRIE T, R R AR R T RERMOIR 2 3R
a0 R o = e I E I 2 @ 1 [ U 1
VEWIE B TR B & 7, Al LIRS 35 /it
B0 FER R AE Gy, RO Vi T b B A A%
A R AR R AR T AUIE — R PR it Ak 3,
HASEEFNHMEMRATE. SRR
FRULE U — VR P L it A B 36 N T 17.19% . ASF
s, SRS E AN BRI L, 7E4S A,

AL AL BEAE )2 0 ~ 40 em BIAR R A K
¥ysz 2 i, Hoh e )G 20 d FIALEUY, 0 ~ 40
em 1 JZ MR R T AR A RIAR 2 im B4 5 >
15.3%. 7.9% F1 8.2%. 454w Y mwrse,
RUE— VRS B WAL i, FASRE 2 oK
JE R ZE IR, AR EF L, A
MR R 2 H R T HLRE ). ZEEA 7 =X
XA 2R 5 M 22 AFBR (B AR AR5 i 523 A TR 2 23
BIAEGY, FIE—RPERA G, IR — U 3 it Ak
FREDH] T 12 Rt AT AL A SRR R AR K T
L, AR L ZHERE, REREIRT 12 @t
B30 ~ 50 cm HZFFAEM 30 ~ 40 em +)ZAIHR
KA R, FEIE R 9.5% ~ 30.1%; T[T IF
WA, FR— PRI BN AT b, X R
KRR TEME =L TWHIEN, £20RA
TEMTIRAK, BEIEN13% ~ 47.6%, AL
— UM SL it A BRI T R ) AR AR e T
B BRRIUATERE 0 ~ 30 em +)2, [EIE A
3.8% ~ 12.3%. HANMN 3 EHAEAHLL, FAL—
YRS it A L7 AR R ] AR A i A K, AU A kit
FATEAE PRI R, s TIRR BT H . SR
KASMRE R, FITHRREN.

4 L5t

MR R ERESERE, TYREAM
R A R, 2013 F12014 4E, i AT 40 FE R Y
PR N 122.0% ~ 177.9%, 4= W) & 5 0E
76.3% ~ 127.8%, WA BRIGIEH 191.0% ~ 272.4%,
AR T it Z Kb AW FR R NARK, [#iR
TEHLIE R BE AR R, RIS —k PR
PR RAAR T AEIHIVER, (PAERR a2 5 0 2, %
WESAEGY, 76 12 AR 2R A 4 RIS B0 1] 17
o FUNE 43 VR it FH A R R AR 2 78 45 A B 1Y 2 ()
I3 BT R — R . 2R A TR
B, RISt AR PR R BLRS E, fRE AR RS
WA, AT 0, HE S8 E oK &
s

SE Wk

(1] BB, TR, VERM. dhE T RS (M), L.
ERRERE AR L, 2004, 1-3.

[2] ZPR. HETFRAERAER R E B SR (1], P
Lalr 5, 2008 (6): 37-38.

[3]  sBpR. S ERT R REIG A E R (1], K



rRE SRR 2022 (1)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B, 2011, 19 (5): 128-133.

HEZEG . hEgGHEE (M. diat: PES e,

2019.
K. RESRESREME: BRXRS5ESHE [D].
WK PER R, 2019.

BREDG, KR, KFEZ, FOARGEIL T AR R LR
FOREMERR AR PARm [ ], IR SIekE
fiz, 2012, 18 (1): 89-97.

Nyiraneza J, Dayegamiye A N, Chantigny M H, et al.
Variations in corn yield and nitrogen uptake in relation to soil
attributes and nitrogen availability indices [ J ]. Soil Science
Society of America Journal, 2009, 73: 317-327.

BB, g, pvAAE, A5 R I PR TS B Y
Whoe [T ], EWESR SR, 1998, 4 (1): 8-15.
EEAE, W, AR, S e EER SRR R T
TR R MR WESE [T ], B RS AR, 2010,
16 (3): 559-566.

ERf, M, Waedy, % e EERERARR
FRRE B RN — PRGSO BT 5T [T ], hEAOL R,
2010, 43 (15): 3151-3158.

FO, EREL, B, AR MR ER AL R R
TEBLRIA A 400 [ ). AR R =224z, 2008, 30 (3):
301-305.

FOR, SR, AL, A E MR T RXCR ORI
RERR VOO [ ], PILARMBEEOR 2440 ( AR
Ji), 2009, 37 (8): 1-6.

XEAE, BT, SRTT, SF. ARG B I AR oK
AR L F IR WA E [T]. RYE IR SIEREA,
2011, 17 (1): 38-47.

TR, S3Ca, RN, % REDKR., N, FoRE
NEAIIENE B S e e (0] 39, 2008, 39 (2):
329-334.

B, SKAERE, XIUE, A MR e E R RS R
s (1], 4824, 2013, 33 (2): 576-585.

TSI, T, WALEE, S ORFEADRAC T A — Uk it
Xof K 7RISR MO [ ], R, 2008, 39
(4): 874-877.

FR, L, VEIRIH, 5 B IOKRENL R GERCR BT
g¢ [0]. FKFHE, 2007 (4): 125-128.

B, R, OB, S AU P R

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

K SR R RCR R [T ], HYE SR SRR,
2013, 19 (5): 1073-1082.

Hernan R, Sainz R, Hernan E, et al. Nitrogen balance as
affected by application time and nitrogen fertilizer rate in irrigated
no—tillage maize [ J ] . Agronomy Journal, 2004, 96 (6):
1622.

B, T, Gdkis. BEREFRN EKREF RN T B
FR MRS [J]. EYE SR SRR, 2009,
15(4): 799-807.

WM, A, EhbEH, A ORI I A R K
Ba B R WA 52 [T ] A8 IR 5 IR RER,
2011, 17 (4): 861-868.

WHEE, SO, XUE, 55 ORIFESUEEE ) FOK SR B A
PEE AR IRAEIE (D], ToRERE, 2000, 17 (4):
82-88, 93.

XVEER], ARBL, FEO5Y), SF RERBEORMEAR SRR BT
FT LT FoRFE, 1994, 2 (1): 59-63.

AL, WaH, RIEME, O AFEFEEE N ARILEE
KARFHAE L TR R 22 5 L [J]. RARFRE,
2013, 21 (1): 51-56.

R, BREIR, PRIERS, 2. 1973-2009 4R [E K i
R R PR R MR ST A e B AR A [T ], R
(ZEfrBle ), 2011, 41 (6): 472-480.

Anderson E L. Tillage and N fertilization effects on maize root
growth and root: shoot ratio [ J ]. Plant and Soil, 1988, 108
(2): 245-251.

Mids, Rtie, =M, 55 S8 =ARoE ZNExHE - oK A4:
KIARPR HIERR AL s [T]. AYE R SRR,
2019, 25 (9): 1482-1494.

FEER IR, BRI, MREA:, AR —UMEREHIEE BEAE X K AR AR
RIG T MR ORI RE [1 ], A E TR S LR,
2007, 13 (4): 591-596.
ke, AT, BiR%,
BRI AR R AE R 5E [T ]
1617-1620, 1675.
T, WEE, IVISC, SR KRR R A K R0
W5 (1], ERER, 2004 (1) 149-151, 164.
R, XEIF], FEFEDT, S B IOREMERR &R
EARLALHTTE [J]. AP EFR SRR, 2018, 24 (1)
53-62.

A Kt AE XS i KA S
WG B2, 2020, 48 (10) :



rRE SRR 2022 (1)

Characteristics of temporal and spatial distribution for root morphology in maize under different nitrogen
application conditions

ZHAN Wen-jie"" >, CHEN Yi-hao', ZENG Zi-hao', ZHANG Chang', ZHANG Shui-mei', CHENG Song', LIANG
Yao', YUAN Jing-chao', REN Jun', LIU Jian-zhao'", CAI Hong-guang' ( 1. Key Laboratory of Plant Nutrition and
Agro-Environment in Northeast Region, Ministry of Agriculture and Rural Affairs, Jilin Academy of Agricultural Sciences,
Changchun Jilin 130033; 2. Agricultural Resources and Environment Institute College of Resources and Environmental
Sciences, Nanjing Agricultural University, Nanjing Jiangsu 210095 )

Abstract: The distribution characteristics of maize root system in different soil layers of 0 ~ 60 ¢m with different nitrogen fertilizer
application modes, as well as the changes of overground yield and nitrogen accumulation were analyzed, so as to provide theoretical
basis for rational nitrogen fertilizer application. Four years of field experiment was conducted with Xianyu 335 as the experimental
variety. Three treatments were set up: no nitrogen application (NO ) , the single basal application of 200 ke/hm” nitrogen fertilizer
as base fertilizer (N1 ), 50 kg/hm” nitrogen fertilizer as base fertilizer and 150 kg/hm” applied at jointing phase, with a total of 200
ke/hm”( N2 ). The dynamic changes of dry weight, rootlength, root surface area and average diameter of root and the accumulation
of dry matter and nitrogen in the mature period were measured. The yield, dry matter accumulation and nitrogen uptake of maize
were significantly increased by nitrogen application. The yield, hiomass and nitrogen uptake increased by 122.0% ~ 177.9%,
76.3% ~ 127.8%, 191.0% ~ 272.4%, respectively. Low nitrogen promoted root growth and increased root to shoot ratio, in
2013 and 2014, and the root to shoot ratios of NO increased by 62.5% and 79.3%, 75.8% and 75.8%, respectively, compared
with N1 and N2 treatments. With the development of the growth process, compared with NO, N1 had an inhibitory effect on root
growth, but the difference between years was significant: in years with abundant rainfall, root growth was inhibited at the 12-leaf
stage, root length and root surface area of 0 ~ 50 c¢m soil layer were inhibited, with a decrease of 10.4% ~ 43.0%j; In normal
rainfall years, root growth in all soil layers was inhibited at the flowering stage, with a decrease of 1.3% ~ 47.6%. Compared
with N2, the dynamic growth of roots in the 0 ~ 40 cm soil layer was inhibited under N1, and the dry weight, root length and root
surface area of roots in the 0 ~ 40 cm soil layer were reduced by 15.3%, 7.9% and 8.2%, respectively, at 20 days after flowering
and maturity stage. The spatial distribution of roots in each growth stage in N2 was significantly better than that in NO and N1, and
the root showed the most significant effect at 20 days after flowering. The divided application of nitrogen fertilizer optimized the root
morphology, promoted the deep distribution of the root system, and was more conducive to the absorption of nutrients. Moreover,
it showed a stable interannual performance, which was a reasonable fertilization method to obtain high and stable yield of spring
maize.

Key words: nitrogen fertilizer application; maize; root system; yield



