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F 1 RS EM B R
BT 2R e {ER(A) AR R
Ay pH . . o - o o
(g-kg') (g-ke") (g-kg') (mg * kg™) (mg * kg™") (mg -+ kg")
2019 8.12 16.71 0.78 0.44 36.64 14.36 115.32
2020 7.81 15.06 0.77 0.56 37.24 16.83 99.84
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WHE A 97500 K - hm . AR EE 5 il N K
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H R G000 HT BORAR RO K FARAR 4545 . 1
W ERIR AL 105CAKT 30 min 57, 7 85C TFHLT
24 h EHE, ¥BH 15 min J5 582 R K
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£3 ARSRMEKRREDEE ISR LS ERETH
(FTF AL, 100 Fi5H)

SHANHE A PN 8 FR
i [EVEY R
a b R MAE (kg) SEE (kg) ME (kg)
NJ198 W=ae" 118.74 0.90 0.70 0.21 0.25 -0.048
W=aD' 272.36 1.77 0.87 0.13 0.17 -0.036
W=aH' 0.05 1.40 0.65 0.15 0.27 -0.020
W=a (D’H) " 3.71 0.68 0.94 0.07 0.12 -0.033
TC19 W=ae" 129.81 0.92 0.61 0.21 0.26 -0.423
W=aD' 297.05 1.80 0.80 0.14 0.18 -0.097
W=aH' 0.10 1.30 0.60 0.15 0.27 0.068
W=a (D’H) " 2.74 0.73 0.86 0.08 0.15 0.010
2000 ;!
(a) w )
1500 & e
o /
S 1000}
= 500 |
0 L ‘ L ‘ ‘ ‘ ‘ ‘ ‘
0 3 4 0 400 800 1200 1600 0 7000 14000
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1000 . . . .
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. ° %
500 - o4 : . %
R op -
N ° ° a 5y
L5 5. fages e 5% 8t
x 0 o Foe g & e © %3’8 -
° o o Rop® o °e Ro, 2P
@ ° o . b 8o o %o s %o
go% © o
=500 + 00 8 o .
-1000 \ \ Lo \ ° ‘ ‘ ‘ ° . . .
0 1 2 3 4 0 1 2 3 0 400 800 1200 1600 O 5000 10000 15000
D (mm) D (mm) H (em) D’H

B4 AE@MEARREYERBOQERILENN
T: A -NJI98, O -TC19, (a) Al (e). (b) FI (), (e) Al (g). (d) A (h) ZMHHL (1) ~ (4) B

23 FRWAAYEE AR

RAXTECE L AT LR PR R A ) B A
FFAER) 05 22 ), A AR LR RY e 48y R N g 2
PERORL, PR AR S RO S0 AL AR
LA 1 ST R T sl s R, R
MR W R BIL R, FORMR AR A XL
JIENIDRG-8=2 N i I 0 o N 2 O A 1 V0
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D (mm) InD InH In (D’H)
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(e) (f) (g) (h)

0 %%
R 5y *i?

2L %, ¢ ° o

—41 OA

_6 )

o 1 2 3 4-1 -1 0 O 1 1 23 4 5 6 71 82 4 6 8 10
D (mm) InD InH In (D*H)
Bs5 EHBREAEREAESRMEARREMERINHERKEDHT
W A =NJ198, O -TC19, (a) il (e) . (b) F1 (£), () Al (g), (d) Al (h) 2HH (9) ~ (12) 4,

K4 EREAERARSEMEKRRRZEYEOEEERE EMEHEITENH
(K FAYrEELl 100 51145 )

ZRAGHE IA PN 8 bR
mn EYSEE

a b R MAE (kg) SEE (kg) ME (kg)

NJ198 W=ae"” 438 2.80 0.70 0.65 445 -0.095
W=aD' 109.72 3.80 0.88 0.21 0.97 -0.074

W=aH' 0.003 1.79 0.92 0.17 0.33 —0.024

W=a (D’H) " 0.35 0.98 0.97 0.10 0.21 —0.060

TC19 W=ae"” 2.94 3.17 0.73 1.33 10.17 ~1.154
W=aD' 101.51 421 0.89 0.44 1.68 —0.091

W=aH' 0.002 1.84 0.93 0.17 0.34 0.086

W=a (D°H) " 0.26 1.03 0.96 0.10 0.26 -0.025

DA D Sk [ 7 i T 5 BIeR BSOS RN R pR B R R?
K, 439070, 073 #1088, 0.89, A WL, E K
ALY 2L SF8R D 52/, NJ198 1 TC19
MARRAEASG R (D°H) WEK [ W= (DH) "]
iR R e K, 4391k 0.97 F110.96, [F] i MAE #1
SEE /%, Z3%14 0.10, 0.10 #10.21. 0.26 kg, ME

BAK, 439K -0.060 F1 —0.025 ke, 156 WA HOKS i i
ferm, AR KRR R AEY B R, R,
ST BR AN R 2Z [ AR 22, B 2020 A AL R
PATELS (E6), Frikfspm &Y i
A% W=3.52 (D’H) *®, R*350.89, MAE. SEE #il
ME 73514 0.09., 0.21 F1 -0.04 kg,
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00g)
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w

W=3.52 (D’H) ¢

500 - A R*=0.89
MAE=0.09 kg
SEE=0.21 kg
ME=-0.04 kg
0 1 ]
0 7000 14000
D*H

Elo EXRREEYEBSZMER

24 FOKMR R A I

VEHUR R4 &85 (D'H) MEM R R4+
YRR W=3.52 (D’H) *” E4T 5 3E, F] H 2019
EMRRIE S50 Hy D BB R Akt
(B, BG5S E AT A DG B, A5 AR
7, ATHESSEE s (B 7)), PuE RS
ik 092, kM E K (P<0.01), MAE. SEE A
ME 23514 0.11., 0.13 F1 -0.09 kg, #f—1F B A5
RIEAR IR S5 0F TR AR R A A
K o

10 -

8 |-
"o
6
=
=
1H
S 4F
H y=0.76x+1.88
‘ﬁ g R?=0.92
oo oo MAE=0.11 kg
SEE=0.13 kg
- ME=-0.09 kg
0 I I I I ]
0 2 4 6 8 10
MR REME (g)
B 7 EXRREEVEHZWEFERGITHE
3 itig

3.0 BB E KRR R ALY A RHIE

FORMRAR LY o A RS R AR 0 A MR R A
TR AT S T TR AR A AR A 1,
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/0 BT ABESE R, B AT, b
H AR RN, T FORR R A Y
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TR ERFRAAMREE T, dEmHEE AR RAEY
o AR, T RS SV AR
KAR R AW b 20 o m R kb, EoK
WERAYETEEPEO ~ 30em HEHN (K1),
FEEHT 0 ~ 30 em )2 X P £oK FAR 0 =
W, PSRBT M R R B
K, WRILREE 2, HRES (H42>1 mm)
HPTE 40 em BEUIE L xS0 P B
[l 4 20V ety 4 T B A AR — B
AT UL, ASHIFGE SR FH 10 7 5 A4 i FSS R ik o 7K A —
IRAE AT FORAR R AE 3 i 40 A FRAF LA 3
M, EORMRAMED SN HIE LR RAEY
H, PHEETERA YRR, KR, ®
KA R RS RE e T HAR R AW AE 13
FARIYM G, BRI G | TR Rk oS53 8
A, F e 400 55253 ik DA S () 45 B it
WA, HF KRR R A SR AR LA R
— 5 X UL A RIS ) T ORAR R A
YIRAIARAE O ~ 30 em + )22 TR R A G e
SEIY
3.2 BEMEHHE FORM R A AR R i S e
PV EIAR 22 A= AR f) S B 7 T [l A
T SRR Y, BRG] A B
R FRORG B 18 5 3 TR S 0L B A AR
TP 38 H R FARAR . AR AR AR S5 G P Ty 2t
VEWIAR 2 AL i L1 22300 e AR AR . AR
KAMRRFE I EY A= Wy AR A AR o, A5 304
XTAE D) A KA ALy R 3R U W=aX', fiiFK CAR
B P O RORS B v U (A — e
B, I ZE AR E AR R A R A
— AR AR, T NN 22 AR R LA AR R A
PIRR, TR 2 I AR sy U 2 24 [l
Bimigeikat, DUREAEDERE 1, iy Sk Y
DIARAR bR AL B A LA R R R R A
BRIy, B RS P DR AR K A A
AR AR R A W A RURS B e . AW RS
R A DY SR R AL, T L, A
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R ERE TIEWR RSB RERE, SR,
TEPE R ARG BE R R, ATRS 45 6 AL GO0 EE DT
MR FRA B WA IR HOL A A S 5 W, A F
55K MAE . SEE DL}z ME &% 55 8 I 8 ok
R R A B (ARG B AT T TN .

AR AR ARG 7 FE AR R A 2
Baflb, KHADEZRE R LA AN F8 b5 4T
RS BE SEAT IR (6 3), 24 dh A NJ198 Al
TC19 U545 &, LD A A 728 5 545 50 ek Bk
R 4354 0.70 & 0.61, MAE. SEE F1 ME 43 1]
9021, 021 F10.25 DL K 026, —0.048 Fil —0.423 kg,
DL H Ay A AR A R PRECB A R 43514 0.65 F10.60,
MAE. SEE F1 ME 43524 0.15. 0.15 F1 -0.020 ) )2 027,
0.27 f110.068 kgo H1 T R ik, 4814 PFH 45 br 4k
ERR, DU BRI ORI R A i, A
RUBHURG AR, A28 (DH) AT E Y W=a
(D’H) "Bi#l | R*350.90, MAE FlSEE %/, 7
i 156 AR R A Y R AR Y, HE o R 25—
Worht KM EAFAE R IT 20, ARk EbEE T
A (RGN R WG O, EWVCIE (E4), Ul
AR RURS BRI, ANEEAR A AL AR R AR
AT TR T 5k S 7 2 R AT AL i e
AWFFE R Rk IR ST 22 s, el
VSRR S Ty 2 [ RS 3 W S s, AR iR R 22 (B AT
L34 5) B A2 R K AN (&5 ) ) 1)
2 A SRR R 5k RN InW=lna+bln (D’H), H R’
439135 0.97 F10.96, MAE 1 SEE 481410 BE PEAf 18
Frf Ak, 8904 0.10, 0.21 #10.10, 0.26 kg, il
PR (12) AT DA AR AR 2R A Wi, 0%
2020 4 2 A A ECE AT ILA (B 6), FTakAg
R A YRR . w=3.52 (D’H) **, R*ik
0.89, MAE. SEE #1 ME 43524 0.11, 0.13 i1 -0.09
keo JEABAIEIER, FAMALYEMIHES
S A R8G5 092 (K 7), WA R
(D’H) by A 728 i R BB R T B 57 0 22 )5 vl 1
B TEERHE FOKAR R AR e S A, REDURS
o

ARHIETT T T ORAR R A W e AR AR AR L AR
K SH R B SE R IR P B RS, HL A A
WIH — R, WA A AT B KR [ A2 & i AT
K, UIRERRAEYESRE. REKMIEE

PR B OGIR, ST Al R R AS [R) A2 7 I AR &
Ay S AU R, IR A0 R B AR 25
FRAEARSS &, TP E B i I e bR, AR5k
B R ORE B T A AR R A i i A
[ M DXL BE . b MRS R T o 4 2 [ SRR
WRERAR, EHRETREMTF T2 T,
KBTI B, X ERMR AR R AT Y AR
Yo A, NI, ASOFIE T H AR R AR Y B
BERUAE FEAT AMERY, ARG DR B 5 i — P Bk 5
it

4 Z5ig

T |V DX A W ot b R P e VR K T —
A FRAR R AW EBEE R MR, F2
EFELE 0 ~ 30 em X,

F AR LAMERLA I NJ198 F1 TC19 KRR £
AR DL D AT H Ry AR ST A ] I A R
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Establishment and optimization of maize root biomass model under mulching and drip irrigation in Ningxia

LAN Yu, WEI Xue, JIA Biao', ZHAI Yong-quan, WANG Yi-jun, YUN Bin-yuan ( School of Agriculture, Ningxia
University, Yinchuan Ningxia 750021 )

Abstract: In order to accurately estimate the root biomass and improve the nitrogen accumulation of maize under drip
irrigation with full biodegradable film in the Yellow Diversion Irrigation Zone of Ningxia. Using Ningjil98 ( NJ198 ) and
Tiancil9 (TC19 ) as experimental materials, root scanner was used to obtain high definition images of maize root system.
The vertical distribution of maize root index and biomass under different nitrogen application were analyzed by root image
processing system. Root diameter (D ) and root length ( H) were used to construct root biomass ( W) model. The
coefficient of determination ( R*) , average absolute error ( MAE ), standard error ( SEE ) and average error (ME ) of
the evaluation index of simulation equation and goodness of fit were evaluated synthetically. The results showed that the
root biomass of maize was concentrated in 0 ~ 30 cm soil layer, the parameter estimation by nonlinear regression model
and the combination variable ( D’H ) as independent variable significantly improved the accuracy of maize root hiomass
model, the determination coefficient was 0.94 and 0.86, respectively, and the residual analysis showed that the model had
heteroscedasticity. After eliminating heteroscedasticity using logarithmic transformation, the power function model which
was constructed by the combined variable ( D’H ) was the optimal model, the R* of NJ198 and TC19 was the greatest, which
was 0.97 and 0.96, respectively. In order to eliminate the error between different varieties, the data of two varieties in 2020
were fitted, and the optimal root biomass model obtained was: W=3.52 (D’H) ¥, R* was 0.89. The results of model
verification showed that the correlation coefficient between root biomass estimation and measured value was 0.92, with MAE,
SEE and ME of 0.11, 0.13 and —0.09 kg, respectively. It indicated that the model can better simulate the root morphology
indicators and biomass distribution dynamics of maize under drip irrigation with full biodegradable film in Ningxia, which can
be used as a reference for estimating crop root biomass.

Key words: maize; root biomass; root diameter; root length; estimation model
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