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RIS HLAE N S8 O RAEIX (b4 40029 ~
40032, % 112028 ~112°30, ¥k 1 731.5m) #F
7o BANAEFTWICHER &M, 2017 AEHESeA IR
WA 239.4mm, REHLATH IR T, TRV
+. 0~20cm #F )2 1 3 pH 4 873, A HLE & &=
12.16g/kg, H & 0.625gkg, Wi 0.58g/kg,
PSR 17.79g/ke, BACE S & 57.97mekg, ARL
B 5.38me/kg, HAUH &t 164.2me/ke,

HEIREI S A KWS8138, bt AE kL Jy JR 2
(N & 46% ) AL L (N:P0s:K,0=48:
72:6.0),
1.2 Rt
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S DL, D2, D3 Fon, L9 ANbEE, AL ER
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7=, /NXK TR 20m® (4m x Sm ). Jiti B 32 % AR
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MAbFE (N2, N3) HIRFERNE, BA/DNX#E, #
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x1 HEXBEMERENHRXIET

Split—plot design about planting density and nitrogen application rate in sugar beet

b3 Treatment F7H5 Row spacing (cm) #kl Plant spacing (em) FAH#E Planting density (J7#/hm?) Jifi% & Nitrogen application rate (kg/hm’)

Table 1
DINI 50 26
D2N1 50 22
D3N1 50 18
DIN2 50 26
D2N2 50 22
D3N2 50 18
DIN3 50 26
D2N3 50 22
D3N3 50 18

7.7 60
9.1 60
10.6 60
7.7 120
9.1 120
10.6 120
7.7 180
9.1 180
10.6 180

HE i —3, 2051 022, 0.18kg. AEKLLIHELHE
PIE AR AEAR B SRS AR AT — R Mt A 1358, )
B[R] 24 H e > 45
1.3 IEFRMESAHE

FERSEEI (6 A 4 H ), MBI (7
H 4 H), SR (8 A 4 H) Mk ELER
W (9 A4 H) 4 BRI SIR A S

RERINGE, HUCHURE 5 BRINGE, T 10 A 4 H AT
e

FHZEE LI-COR 22 Al 42 7= 1Y LI-6400 Y51
FEBHOCEHER (P,), JH SPAD-502 M2 A & it
SEqB] 3 mHy SPAD fH, AEA MR & e bR,

e B AR U1 HI Bk #E GB/T 104962002 () #E 5 I
)—i'z; [26]O
1.4 HIELESHH

K Excel 2010 #1784 A0 3, R SPSS 25.0

GEATH A AT B BT e 5 22 0 M. W] Design
Expert A IS5 R & o

2 HREHM

21 MERE. FEEEMNESBEREEHEHER
FEERIRME

- FRTE R (LAL) ACRIEWRHA G )
Ko IR 2ATLAE W, 7ERESEA K &4 F i
AN A AR LAl 27 8% (P<
0.05 ). J& 3 A F I RIS 2% B B AR SO0 W 3
(P<001), 7ERIZRIG 3 AR, Mitawih
i (N1-N2), &, BZ RN EL TR, RN
DIEIGEE ; FE e HOR A 3 1E K, A0 7 D3N3 11
LAL ek, iK% 5.05, FEAHRISEEE 20 F N3 N1
B 021~1.41, FEARRIIEA G5 T D3 L D1 3
£ -0.10~1.10, FHIELATUL, FEHARBE RIS AL

®2 BRENTEXNEEREBIEHTMHERIEHHZME
Table 2  Effects of nitrogen application rates and planting densities on
LAl of sugar beet under full-film mulching in arid regions

poseil Hi AR A= K oAt 140 W TR
Treatment Seedling stage Fast growth stage of leaf Sugar increasing stage of root Period of sugar accumulation
DINI 0.17eD 1.51dE 3.74deC 3.48cdD
D2N1 0.24¢dBCD 1.53dDE 3.87deC 3.52¢CD
D3N1 0.29bcBC 1.62c¢C 3.64eC 3.40dDE
DIN2 0.22deCD 1.63cC 3.86deC 3.69abAB
D2N2 0.27bedBC 1.74bB 4.51cB 3.77aA
D3N2 0.31bBC 1.97aA 4.95abA 3.28ek
DIN3 0.29bcBC 1.45¢E 3.95dC 3.64bBC
D2N3 0.33bB 1.61cCD 4.78bAB 3.66bAB
D3N3 0.45aA 1.78bB 5.05aA 3.15fF
FAH F-value D 38.77" 132.47" 74.54" 148.28"
N 18.65" 330.10" 363.97" 9.97"
DxN 1.61 11.90" 22.26" 18.94"

T N—%UIE; D—FMEBE . [FIFEHREARIRR, NG R HFRA B 22 50 ¥ (P<0.01) FIBH (P<0.05), ", " 4 HIFRTE 5%

1% KFALBIRI2E 5 B2, T )

Note: N-Fertilizer; D—Planting density. Values followed by different uppercase, lowercase letters in same column mean significant difference at 5%, 1% levels,

respectively; *, “* represent 5%, 1% significant difference, respectively. The same below
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1R AL PR AR A TR LAT sk, ek 2
ATLVE Y, FERER ARG AR K B s K
St R R EE T LAT AUS2 IR
22 MRE. FEEEXNE£BBHEEETH SPAD
(LA
SPAD {H J it J 2 R AR X & 5, 320
SR F R, 2Ty G e AR
R E TR, MR 3ATUENL, B DIN2 4

HAN, ANFAEE A S AL PR SPAD {H 2% 5 0 3%
(P<0.05), A[AALFER) SPAD {E1E 41.5~58.5, X
AR a4 B MR SPAD (AT 0 200, 45 %
Wl: BAEFEHHER T A s, HAh Bk
FH B E K (P<0.01), HAENEFZ B B AR
W2 3% (P<0.01), 4bPE DIN2 9 SPAD {H & &
AR KT N2 B, AL BB RS EAR,
RICHHEEBEN, BIFEZERKE T, BELT

*k 3 MRAEMZEEXNEEBRE/EMHIE SPAD BRI
Table 3 Effects of nitrogen application rates and planting densities on SPAD
value of sugar beet under full-film mulching in arid regions

s Hil P NISUGRIS /] AR 1 1A W TR
Treatment Seedling stage Fast growth stage of leaves Sugar increasing stage of root Period of sugar accumulation
DIN1 56.6hbB 52.5¢C 53.6bB 46.3¢BC
D2N1 52.8dC 48.1eE 52.4¢CD 45.3deCD
D3N1 46.8gE 42.8hH 47.9(F 41.5¢F
DIN2 58.5aA 55.9aA 55.1aA 48.3aA
D2N2 55.5¢B 53.8bB 53.8bB 47.2bAB
D3N2 51.7eC 50.7dD 52.7¢BC 45.4dCD
DIN3 55.5¢B 46.7fF 52.4¢CD 45.5dCD
D2N3 52.0deC 44.8¢G 51.4dD 44.5¢DE
D3N3 49.4(D 45.1gG 50.0eE 43.5(E
FA{H F-value D 486.64" 513.03" 140.08" 117.81"
N 157.63" 309.117" 159.70” 1107.88"
DxN 12.82" 100.32" 17.59" 10.09”

D1~D3 KV, IS4 T A Gl oIk .
AR M, % 7.7 Jikkmm® i &5

120kg/hm®, 5 F FHEEEH 32 F (% SPAD .

23 MRE.FEIENEBEREEMIER, WM
A HR IR YR NG B TR TR,

FISEHUAR 90%~95% (1)) Bl & it Ye A VR
RISk, JGA BRI S R RS AT 7 Rl
R 4 ATH, ERERAEFTHNAFLE P, 255 1
E (P<0.05), TEREAET AN BB
Wi (P<0.01), BRiIHAN, HABAFI, 4

x4 HRENTEXNEBEREEEIHIE P, M

Table 4 Effects of nitrogen application rates and planting densities on P, of

sugar beet under full-film mulching in arid regions wmol/(m’ * s)
b3 Hil HPN/SEERIS ] AR e 1 BT R R )
Treatment Seedling stage Fast growth stage of leaves Sugar increasing stage of root Period of sugar accumulation
DIN1 27.5bB 21.6aAB 22.0beBC 21.4cC
D2N1 24.1cdDE 19.3¢C 21.3dCD 20.4dD
D3N1 22.3eE 17.8dD 19.3(E 19.6efDE
DIN2 29.4aA 21.9aA 24.0aA 24.6aA
D2N2 26.7bBC 20.6bBC 22.6bB 22.8bB
D3N2 25.0cCD 19.4¢C 21.5¢dC 20.1deD
DIN3 26.7bBC 17.9dD 22.7bB 21.6cC
D2N3 24.6c¢dD 16.6eDE 20.4eD 18.9(E
D3N3 23.7Dde 16.2eE 17.9gF 17.7gF
F fH F-value D 82.30" 61.47" 179.01" 188.93"
N 44.59" 4377" 62.39" 413.16"
DxN 1.87 3.40° 9.75" 13.69"
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Jit & N1 R N2 KR, A B Z BN IEREH
YERT, M KT N2 K. % D1~D3 /K
S, RIESEAL Tl A GRS ASCIRAS, BITE it
REAMET, ARTEEE P, . TESAR bS48
KA, DIN2 ZbBE) P, ek, TEAH TR 28 44 T
N2 [ N1 34K 1.3~2.2umol/(m’ - s), 7F AH 7] i & &
N D1 F D3 K 2.5~4.8pumol/(m’+s), H13E 4 I,
Jei 3 A4 B3 R R AR ISR P, R i
SN > AR B SRR, A E>
i

24 MRE. FEEEXMEBEREMEAKT

MR RS E R

Hi1Z% 5 FTLAE Y, FEAERI S A Em, AR
Jit R A % 85 20 5 A 3 BLRR T TR R 2 Sk
BEFKF (P<0.01), J5 3 MEFHHANILHEE
VERLUWAR 3% (P<<0.01 ). 4jifi A KA (N2~
N3), &, BZEN A HRN ., FEME LR,
AH )26 B 45175 F N2 HE N1 88K 16.99~36.94g, 7E
AH 7] il & & 454 T D3 L D1 FEAIK 35.78~53.78¢,
BV 288 3 o 1) RUIE A ) SR R T I

x5 MASNZEENLBERESEHXLGTYRREENZN
Table 5 Effects of nitrogen application rates and planting densities on dry matter accumulation

per plant of sugar beet under full-film mulching in arid regions g
Ak Hih AR AE K O 73 4] WA LR
Treatment Seedling stage Fast growth stage of leaves Sugar increasing stage of root Period of sugar accumulation
DINI 0.94deD 40.76deCDE 153.55¢C 239.19¢C
D2N1 0.73fF 39.50fgEF 132.24fF 221.92eD
D3N1 0.64gE 38.88gk 114.69hH 185.41¢gF
DIN2 1.27bB 43.04bB 165.63bB 258.13bB
D2N2 0.97dCD 45.33aA 155.61cC 238.91cC
D3N2 0.86eD 41.50cdCD 138.02¢E 222.35eD
DIN3 1.41aA 44.67aA 173.93aA 274.20aA
D2N3 1.08¢C. 42.10beBC 147.19dD 236.44dD
D3N3 0.91deD 40.33efDEF 118.73gG 202.73(F,
F {H F-value D 170.54" 52.33" 1428.61" 4316.36"
N 142.24" 110.45" 2025217 554.58"
DxN 3.17 17.49” 58.81" 472.02"
AR, W1 5 v J0, FISRBRE IO 3 MV EE I AR

PP DR 2R 0 e o A SRy T R 3R R i )
FP o B R > | R > W >

MR (T/R) Fnl B3R5 H R348 B 4
DERLER, hZFE 6 iTLIENL, AL E TSN

*6 HRENFENSBREEHEFREL (TF) WG
Table 6 Effects of nitrogen application rates and planting densities on T/R (dry matter)
of sugar beet under full-film mulching in arid regions

A3 Hi ] I DA A b e 1A T TR R )
Treatment Seedling stage Fast growth stage of leaves Sugar increasing stage of root Period of sugar accumulation
DIN1 0.121cB 0.480bcBC 1.289hB 1.504eE
D2N1 0.112dC 0.458deCDE 1.189dD 1.4256F
D3N1 0.107eD 0.443efDE 1.160eDE 1.3672G
DIN2 0.131aA 0.508aA 1.396aA 1.894aA
D2N2 0.124bB 0.490bAB 1.235¢C 1.744hB
D3N2 0.111dC 0.466¢dCD 1.195dD 1.688cC
DIN3 0.112dC 0.494abAB 1.188dD 1.764bB
D2N3 0.101fE 0.441{E 1.156eDE 1.587dD
D3N3 0.093gF 0.419¢F 1.126fE 1.452fEF
F{H F—value D 334.76" 78.44" 164.85™ 234.51"
N 787.947 124.95™ 236.04" 555.28"
DxN 7.64" 5.40" 17.76" 13.147
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BT R IR RN EE, VAR E, &
TR AR, BRI LA Yt T N2
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25 MREMNZFELENEBREEMIERIRT
= EAl

ME 1 ATE S, MFEGEEEAEE, F=2 R
JEE 8 384 o0 T S 386 i 5 AR, 9.1 T3 B/ B 7.7 T
Fk/hm® A PR 8.7%~11.8%, HHr, D3N1. D3N2,
D3N3 4351t D2N1 ., D2N2, D2N3 F&4I% 3.2% . 11.6% .
7.3%., TEMFRIZ AT, N2 APk T
ot Ab P, 3P0 B R 8.10%~23.02%, Hir, 9.1
J3 Bfmm® B N2 Ab B PR R, 5 DIN2. D3N2
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B 1 ERENZEENEEREEHIE~ENHIT
Fig.1 Effects of nitrogen application rate and planting
densities on yield of sugar beet under
full-film mulching in arid regions

7248 Yield (kg/hm

AR G2 19.27% F1 11.59%

i T RNE A S (X)) R A
i (X,) 57 (V) ZEEIE R : Y=60536.8+
57090.7X,+592.4X,-3053.4X,°-2.3X,°-1.8X X,
R’=0.860, Xt iR REdEAT FAGES, F=110.241, #
W S BRI E AR B, R=0.927", M
AL, %Sy a 22 b B H 5 R W P 4%
T el 0 R B AT W R g, A5 AR X R
1143, X,> 51023, XX, N 3.12, EREE =Y
W AR TR RIS IR, R
FE. M AR/ (NTAIN2), ', B2
[ IEACHALN, RIA MRS HER; i A
TEZE I, 7R T PN IS 0% B REAA RO it
i, AERAL T A M ACIRAE . AR KT N2 K
. FPRE RS EEAL T D1~D3 JKERT, HHSEAL T A
G RS . HA i A N 120kg/hm®, B
9.1 T Bk/Mm B, IRk B e KA it R
KT 120kg/hm’ B, % 2 0] RIS AN, 7]
Rl Tt AU R A B R P, AU
RAF Design Expert, ARG I [IH 7 FE K H B i
Pk 70 000kg/hm® B, FAEE R 9.35 Ji#k/hm?,
Jiti AR 128.8kg/hm’,
26 HBRENZESLEBERFEEMELGEIRR

HE5~2MEX%E

XA ERERE A R . B S HOCE e
HATAHOCHE T, SRR B S T AR R B
BEFIEACKR ; TR R 5 M AR SRR T
PR BB EWIEMCKR (F7), AR
v it 280 2 1285 %o} 4 A R A E R A AR 25 ) s i

F7 2BEREHEERE (N2) fMIFE (D2) 5 EHERMMRIAESHBEAHEXMYE (SRIRMESIEKHE )
Table 7 Correlation between nitrogen application rate (N2) and planting densities (D2), and
photosynthetic indexes and accumulation and distribution of matter of sugar beet under
full-film mulching in arid regions (the sugar increasing stage of root)

Qb3 MHHEIRGERC SPAD fH Btk T B R SR g

Treatment LAI SPAD value Dry matter accumulation per plant  Root/Shoot ratio ~ Yield

¥ Planting density 0.935" -0.995" -0.990" -0.996" -0.954" 0.629"

Jiti & F Nitrogen application rate 0.893" 0.324 0.361 0.667" 0.532° 0.678"
T RS EA B (P<0.05) Ak EE (P<0.01) K. TIH

Note: """ and """ indicate significant correlation (P<<0.05) and extremely significant correlation (P<<0.01), respectively. The same helow

Bk
XHRHAROG G FEE A= AT AR S A (3R
8), GiRFWI LAL - & B4R 0 35 IEAH K &

SPAD {E A1 P, SR 76 Hb S M0 S 35 TE AR G iR L S
FARRT Y AN R A L B AT G s IR Ry
Ko 4 78 R A E TSR A P i R M e K
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Table 8 Correlation between photosynthetic characteristics and yield during the sugar increasing stage of root
54T Ind M IIAEERL  SPAD {H HRRT YR R HIE i
FP Index LAI SPAD value Dry matter accumulation per plant Root/Shoot ratio Yield
I AR LAT 1
SPAD fi SPAD value -0.018 1
P, -0.231 0.940" 1
FARRT 4 L 28 Dry matter accumulation per plant  —0.057 0.729" 0.779" 1
HR5 L& Root/Shoot ratio 0.075 0.875" 0912”7 0.823" 1
J R Yield 0.729" 0292  0.186 0.091 0.318 1
3 itip 5] Y A5 Ak iR B2 43 391 7 3.64~5.05, 47.9~55.1, 17.9~
2

RIEMZ AN EE RGN R, 528 RE
YIS A R = A 3 BRI R, Ao
PG Sl BT R, BHEE LAT B i 0 0 3 m
ALY, EEEEEA A TR T
FRAFL R, MM fEdE = e i . HBELL P g,
B 5 A0 AR % B R 38 , FHER LAT 25T =
P, RWIREERFR, SEPRMT AE BN A
FEXT YRR A et e, H AR
W FERSEE 3 AT, BHSE LAT MR =
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RCRAS, RIS B A3 o )t 2R A R TSR A
PREERE TR BLA BB i i 4 e . DN R 8
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ARSI R 3 U8, YEY LAL 3 nA
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RS PR R, (EREEHUR T RS B R T
PATRIFRE I, S U R e s
MR BEAEAE P, ARWFGR R, FER— %K T,
it SRR BN R TR 3 VR AR, R
EBEH IR Ak, AR INA A TR
o (b /M0 HR ) Baom, Hbresg <9 AylE
B, FER B MUR AR AR, SRR
(AR R TR == T o
4 ZEig

AR KT, 24T PR LAL, SPAD
B X P, TEHC AR BE 3 30K R B B KAEL, AN [RIAb#E

24.0pmol/(m” +s),  H: AP e % B 08 HL A e LA A
THESE LAT B4R w5, R4 8 A B i /LA A T
SPAD fE f P, i o 4 I SRS e ™ 1 LY

FIAE B RSN 9.35 T fk/Mm®, AN 128.8ke/hm’,
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Effects of Nitrogen Application Rate and Planting
Density Interaction on Photosynthetic Characteristics
and Root Yield of Sugar Beet under Full-Film
Mulching in Arid Regions
Yan Wei, Li Guolong, Li Zhi, Cao Yang, Zhang Shaoying

(Sugar Beet Physiological Institute, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China)

Abstract

grass, and it is an effective measure for dryland farming. Herein, a two-factor split-plot design was used to explore

Full-film mulching has the advantages of increasing temperature, preserving moisture and suppressing

suitable nitrogen application and planting densities of sugar beet under full-film conditions in arid regions. Comparative
study on photosynthetic characteristics and yields under full-film mulching condition through different combinations of
nitrogen application rates and planting densities showed that nitrogen supply and planting density had significant effects
on photosynthetic characteristics of sugar beet under full-film conditions under dry conditions. The suitable nitrogen
and density were beneficial to SPAD value, LAI (leaf area index), net photosynthetic rate (P,), the accumulation of
dry matter per plant, T/R, and yields of beet. In addition, SPAD value, LAI, P,, T/R, and dry matter accumulation per
plant were positively correlated with yields. During the increasing stage of sugar beet root, the maximum yields could
be obtained when the SPAD value and LAI of sugar beet were controlled at 53.8 and 4.5, respectively. The regression
equation of density (X)) and nitrogen application (X,) with yields (Y) was obtained by binomial regression analysis.
The maximum yields of sugar beets could be obtained when the density was 93 500 plant/hm’ and the nitrogen
application rate was 128.8kg/hm’.

Key words Dry farming; Sugar beet; Full-film mulching; Interaction of nitrogen fertilizer and planting density;

Photosynthetic characteristics; Yield



