FEE FE5 AR E] 2023, 29(7): 1352-1366 doi: 10.11674/zwyf.2022673
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

FACEEE HEBIXT T T IR0 1 FHSOE & 2R B ™ B 4%

B OE, ZFIGR, IRES, A&, THE, FILE, & &, % R
(NZE BIR X ARBOLBRERE, NS A PEFEEF 010031 )

FE: [ BAY ] SIS LB IR T R0 SR E B ARE 7 i RS i DR800, A S v A S i
fici. [ e ] HEHRET 2020—2021 4E7E NS L P, 7ER (N) B 150 kg/hm” 264 1, %8 9 TR
AEELE e IALEE . 10:0:0 (N10), 8:2:0 (N821), 7:3:0 (N731). 6:4:0 (N641). 5:5:0 (N551), 8:1.6:0.4 (N822),
7:2.1:0.9 (N732), 6:2.8:1.2 (N642). 5:3.5:1.5 (N552), FUARiAEAEXT & (CK), 3£ 10 4~AbHE, 8RR 7E i A
BA KW (V1) FIER A K P B B (Vv2) T, 1E V1L V2 RIS FL R (Vv3), AR AR,
PR A TS SR . P EAEE. (SR ) 5 CK AN, AR SRS THEM LS. T
AR DU R FE L BIR T 70% AOAL B AR 0B R AR /N T 60% A AR E X PR G i 3 R
Wl ; BR NSS1 AT NSS2 Zb3AN, FLAcab 3= 34 10 3t i, N732 b B 7 b i PO AR 1 8 2 T LA b 3
(P<0.05), 5 N10 AbBEFHEL, ZACM NGRS T V1 WIS Rt &ae . TR Es, HR—EELE T
DISEAE 1 RAET3EAE 2 s JEA V2 38, BRILIE LL N821 I NS51 ALFIAh, HAALBEF S HoLa e, TYR
MERYEFXR, BRI E T LGB 2 TR 1k, HA Ll N732 23R, SHBirEES
THAAR, AR R dotGEE . B Co, WE . Bl SILFE . SPAD (HPIAE T E 4 318
17.20%. 13.33%. 21.34%. 21.01%. 10.35%, M H . ™46, Pl ek T EAR B840 5485 26.02% .
46.69%. 47.96%. 41.92%, SULFIET, N732 AbEARORAT TR T R e Mgz, BERIRT VI Bk
WY F, BE THARTYR A, e TREL, BT R W SRR, AR RS e R,
BRSBTS RSO A R R CO, W MR SILSE . SPAD {HMFFEIE
KR, (L8] A M RIEEEE Ll IR TR A B v F e AR B, SCBLEH S = R T i
MR . AT P N732 A3 ZN0E 207 20 (BEIE 105 kg/hm? . I DAV AR K BB AR 31.5 kg/hm? . HRARZE K R
BB EIAE L 13.5 kg/hm?) B BUFRIROR, 40 5 mfii e = & 19.53% . 7 hlit 20.47% . BAIEKEROR
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Optimum basal and topdressing ratios of nitrogen fertilizer for high
photosynthetic efficiency and sugar yield of sugar beet
in soda alkali-saline farmland
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(Inner Mongolia Academy of Agricultural & Animal Husbandry Science, Hohhot, Inner Mongolia 010031, China)

Abstract: [ Objectives ] We investigated the regulation effect of basal and topdressing ratios of nitrogen

fertilizer on photosynthetic efficiency and yield of sugar beet in soda alkali-saline farmland. [ Methods ] The

field experiment was conducted in farmland of Tongliao City, Inner Mongolia from 2020 to 2021. Under the total
N input of 150 kg/hm’, nine basal to topdressing ratio treatments were setup, as: 10:0:0 (N10), 8:2:0 (N821), 7:3:0
(N731), 6:4:0 (N641), 5:5:0 (N551), 8:1.6:0.4 (N822), 7:2.1:0.9 (N732), 6:2.8:1.2 (N642), 5:3.5:1.5 (N552),
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taking no nitrogen fertilizer as control (CK). The two topdressings were carried out at the rapid growth stage of
leaf tufts (V1) and the growth and sugar accumulation stage of root tubers (V2). The photosynthetic indices and
aboveground biomass were measured at V1, V2 and V3 (sugar accumulation) stages, and the sugar content, beet
and sugar yield were investigated at harvest stage. [ Results ] Compared with CK, all the fertilizer treatments
significantly increased the photosynthetic efficiency, dry matter accumulation and yield of sugar beet; The
treatments with basal N ratio higher than 70% did not impact the sugar content, and treatments with N basal ratio
less than 60% did not increase beet yield; and the fertilizer treatments, except N551 and N552, significantly
increased sugar yield. In the two years, treatment N732 achieved significantly higher sugar yield than all the other
treatments. Compared with treatment of N10, split fertilizer treatments improved photosynthetic efficiency and
dry matter accumulation at V1 stage, and the increase by one-time topdressing treatment was better than by two-
time topdressing under the same basal dressing ratio. At V2 stage, all the fertilizer treatments, except basal N rate
of N821 and N551 treatments, significantly increased photosynthetic capacity and dry matter accumulation of
sugar beet, and the effect of two-time topdressing treatments were better than that of one-time topdressing
treatments. Treatment N732 exhibited the highest net photosynthetic rate, intercellular CO, concentration,
transpiration rate, stomatal conductance and SPAD value of sugar beet, which were averagely 17.20%, 13.33%,
21.34%, 21.01%, and 10.35% higher than the other treatments. Its dry matter accumulation in leaves, petioles,
tuber roots and whole plants were 26.02%, 46.69%, 47.96%, and 41.92% higher. Treatment N732 effectively
stimulated the distribution and transport of dry matter in sugar beet. In detail, it significantly reduced the
proportion of dry matter in above ground, increased that in tuber roots after V1 stage forming a good “source
sink” relationship, laying a foundation for yield formation. Through principal component analysis, the yield and
quality of sugar beet were positively correlated with leaf net photosynthetic rate, intercellular CO, concentration,
transpiration rate, stomatal conductance and SPAD value. [ Conclusions ] Reasonable basal and topdressing
ratio of nitrogen fertilizer could increase sugar beet yield and sugar yield by regulating the leaf photosynthetic
efficiencies in soda alkali-saline farmland. In this study, the basal to top dressing ratio of N732 (N 105 kg/hm’ as
base fertilizer, 31.5 kg/hm’ applied at the rapid growth stage of foliage and 13.5 kg/hm’ at tuber growth and sugar
accumulation stage) increased the yield by 19.53%, sugar yield by 20.47%, improved the agronomic efficiency
and partial productivity of nitrogen fertilizer by 167.48% and19.53%, so is recommended as nitrogen fertilizer
management system for high yield and quality of sugar beet in soda alkali-saline farmland.
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1.1 R XL

WIS T 2020 4F 4 H—10 J F12021 4£ 4 H—10
AW AIEKGEL TR P =K 4 (122.20
E, 43.62 N) JFJ&, 5 iE-F- 34 5.2C~5.9C,
IR 40.9°C, FARAIR-33.9°C, 4FFRRK R

370 mm, FEKAFENIFECAY, EBRARER, 247
K)7& KR 2027 mm. A HE2E R ISR FT ER A+ N
F, 0—20 cm +3E pH 9.77, THALEE 21.86%, 1%
b A 1.59 g/kg, AHUT SR 12.70 g/kg, A A0
i 5.63 mg/kg, HAHI S 103.25 mg/kg, I
fift R it 55.36 mg/kg.

1.2 REHHN SRR

1.2.1 MR JESEAFN: KWS2314, fiEAE
BE: JRE (7 N 46%), BELBERES (% P,Os 46%),
FRBREN (7 K,0 50%).

1.2.2 W{5iit R A 1. ZEk
U FH it e R R A T 2 AR 2 SR b SR AE K
SRR TSR BRI E , N 150 kg/hm?, $%2 FER R HE
Lo ARt B A, B EE i A H R L 2% 1, W
JIE (P,O5) 180 kg/hm?, #FAE (K,O) 90 kg/hm? 75 %% Hb I
SEEHERE— U, U it R FH it A R &5 5
KA . It 10 Mk EE, EHE 3K, 30 /0
X, /XA 216 m* (7.2 mx30 m), FHEERH FHER
FERhES N TAEFD, YEEATRIE, FEATATHE 70 cm, %
AT47HE 40 cm, BREE 17 cm, #&FRE 2.5~3.5 cm,
SR PR L A SRR, A E Dy SRS R AR
2

1.3 MEERSHE
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B E A K] (V1) L B AR K R h 43 A2 )
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Table 1 The basal and topdressing ratio of nitrogen fertilizer and topdressing time in each treatment

s AL S LA L SEAEhE (kg/hm?) JBALHE Topdressing amount (kg/hm?)
Treatment Number of topdressing Basal to topdressing ratio Base fertilizer \Yal \%)
N821 1 8:2:0 120 30 0
N731 1 7:3:0 105 45 0
N641 1 6:4:0 90 60 0
N551 1 5:5:0 75 75 0
N822 2 8:1.6:0.4 120 24 9
N732 2 7:2.1:0.9 105 31.5 13.5
N642 2 6:2.8:1.2 90 42 18
N552 2 5:3.5:1.5 75 52.5 22.5
N10 0 10:0:0 150 0 0
CK 0 0 0

e VI AP R, Vo—Butf A K BR800

Note: V1—Rapid growth stage of foliage, V2—Tuber growth and sugar accumulation stage.
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1.3.4 FUEAHRIE RIS AUIEARZRLR (agronomic
efficiency of nitrogen fertilizer, AEN, kg/kg) = (ifi &
DX SR 7 i — AN it 280 DX SR o )t e o
FNEAR A 7= 77 (partial factor productivity of N fer-
tilizer, PFPN, kg/kg) = Jifi & X = 7=t /it A i
1.4 BIESH

X H Excel 2019 #EA7808a 118 . LB FIER,
K H SPSS 25.0 A4 T B MEAAH E 404, LSD
f /N 25 R AT BT (P<0.05)0

2 ZERE50T

2.1 FABESB L 53 75T Ehasl (L # o FH SRt
A FFER R

2.1.1 FBIE EXTRISE SRS A L
AT, RN A3 Uit FH 6 2 i AR A K (VD)
HutR A= K RO L2 (V2) DL RO A AR B (v3) it
A AR SEINA —ERER W, HPFELS R
ARER—E . 5 CKALFML, 3 MEERHHSZE
WP R R P, G T,. GOHREFERS, VI,
V2 V3 I P, PAE Y 4 hildE i T 8.39%~26.51%.
8.44%~31.86% H1 5.22%~26.61%; C, M4EF-24143 51
PET 7.21%~30.55%. 5.76%~19.99% F1 5.17%~
24.99%; T, PIAEF-1 00 4 T 10.28%~38.20% .
8.66%~49.58% . 8.72%~57.57%; G, P4EF-45)
PET 14.51%~60.90% . 7.16%~40.75% F1 7.90%5~

4.77%.

VI, Rl SEAE H R AR 1 AR B SR
HAM LS BEE R S TR 2 ab B, 5 A
SR AL (N10) #HE, N641, N821., N731 il N732
AT 7 P, AR P E 4 4 16.72% .
12.96%. 11.02%. 9.80% (P<0.05); N641, N821,
N731., N732. N551. N822 kbPEAFSEM: | T, W4
TR 25.32% . 19.35% . 14.63%. 14.09%.
10.42% . 10.98%, 2:513E (P<0.05); N641., N821.
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C Ml G, WA (E S B R 21.77%. 18.17%. 15.44%.
14.10% . 11.25%. 11.23% . 6.68% #1 40.52% .
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A N732 ABEESEN - C AR 53 5] 3 5 T N821
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7.14%; C, /9% 13.33% . 9.36%. 6.41%,
7.00%; T, 5393 21.34%, 15.78% . 12.12%.
11.62%; G, 535425 21.01%., 12.69%. 10.22%.
9.02%, HIIKF| 2T (P<0.05), N732 LhHL 2%
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N641 = F 1025 5 AE A LU AN RIS bRl R BA—3K
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EVLEH, R, B Rr b
A=t i SPAD {H M T L 2 WAL EE . 5 N10
AbERAHEL, N641, N821, N731, N732. N551,
N822, N642. N552 khHEEHSE M B SPAD {H B4
BI04 18.78% . 14.32% . 13.81%. 11.59%.
7.37%. 8.96%. 6.00% . 3.09%, %R #F (P<
0.05).
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Fig. 1 Gas exchange parameters of sugar beet leaves under different ratios of basal to topdressing nitrogen

;7E: N10, N821, N731, N641., N551, N822. N732, N642, N552 40 EACIGE L #] 10:0:0, 8:2:0, 7:3:0, 6:4:0, 5:5:0,
8:1.6:0.4, 7:2.1:0.9, 6:2.8:1.2, 5:3.5:1.5; CK NAMEENALIE, VI—H AP A K Vo—HuR A KRB LR V3—HE B2,

FE PR ING FhEFR Al — B AL 3R] 25 57 3% (P<0.05)

Note: N10, N821, N731, N641, N551, N822, N732, N642, N552 represent topdressing ratio of 10:0:0, 8:2:0, 7:3:0, 6:4:0, 5:5:0, 8:1.6:0.4, 7:2.1:0.9,
6:2.8:1.2, 5:3.5:1.5, respectively; CK represents no N fertilizer treatment. V1—Rapid growth stage of foliage; V2—Tuber growth and sugar
accumulation stage; V3—Sugar accumulation stage. Different lowercase letters above the bars indicate significant difference among treatments at

0.05 level at the same growth period.

V2 HI V3, [Rl—JEAR LB FRAR LT, N732
HINS552 kb FRFHSE M F SPAD P 4E B 20 1) 2% 5
T N731 FIN551 Ab3E, 5 N10 Zb3AHLEL, N551 4k
BHAE P AR A~ AR 7 I 34 S R AR, V2 BT NT32,
N822, N641, N731, N642, N552. N821 AbFHETHE
M f SPAD PHAEYI{H 43 542 55 10.35% . 8.69% .
7.72% . 6.64%. 5.32%. 3.48%. 3.70% (P<0.05);

V3 WA N732, N822, N642 AbFH Lk i 241
o, PIHAERIE ST B3 16.81%., 9.75%. 5.08%.

2.2 RABEELLGIXS 4T A ML B ST R
A

2.2.1 RANEESE LB o533 T Eh i A Ak = T4 B R
ESioka &3 AT, RS Uit FH Ak 3 X
B AP A K3 (V1) SR A K RO o B 2R 40
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Fig. 2 SPAD values of sugar beet leaves under different ratios of basal to topdressing nitrogen
. NI0, N821. N731, N641. N551, N822. N732, N642. N552 73 BICEEMEE LA 10:0:0. 8:2:0. 7:3:0. 6:4:0, 5:5:0,
8:1.6:0.4, 7:2.1:0.9, 6:2.8:1.2, 5:3.5:1.5; CK N AMEACALHE, VI—H AP K Vo—HeiRA: K o A 235 V3—Bi Bl 241,

M EANIF)/ING BRI ) — AL B R] 22 5 .25 (P<0.05).

Note: N10, N821, N731, N641, N551, N822, N732, N642, N552 represent topdressing ratio of 10:0:0, 8:2:0, 7:3:0, 6:4:0, 5:5:0, 8:1.6:0.4, 7:2.1:0.9,
6:2.8:1.2, 5:3.5:1.5, respectively; CK represents no N fertilizer treatment. V1—Rapid growth stage of foliage; V2—Tuber growth and sugar

accumulation stage; V3—Sugar accumulation stage. Different lowercase letters above the bars indicate significant difference among treatments at

0.05 level at the same growth period.
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A3 5158 25w T N822 . N642 Fil N552 43, 5 N10 4b
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Bk N5S52 AbBRAN, A4S A BEPTAR 1 R0 0 25 4
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N822>N642, Hr Jy -4 T 1 2 4 443 31 °F- 3
P 56.58% ., 51.49%. 37.09%. 33.51%. 31.14%.
25.87%. 16.10%, 2=tk TR RE WAL 73 573
FE 65.14%. 58.13%. 42.13%. 37.61%. 34.03%.
29.49%. 17.38%; MHARFIHAR T4 B FR B 2020 45
FIUABR N552 F N642 AbHAN , H A4 4b P G 25 48
L PR E R N641>N821>N731>N732>N551>
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H165.21%., 53.22% F1 54.19% . 34.80% 1 40.90% .,
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o N821 FI N551 Ab Pz iof 58 4 ik T B 341K
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3 AEAEEELEAITEHITIREN
Fig. 3 Dynamics of dry matter of sugar beet under different ratios of basal to topdressing nitrogen

. NI10, N821, N731, N641, N551, N822, N732, N642, N552 /rHCE A IS ] 10:0:0, 8:2:0. 7:3:0. 6:4:0, 5:5:0,
8:1.6:04. 7:2.1:0.9, 6:2.8:1.2, 5:3.5:1.5; CK N AIEEALANE . A FR[E/ING F-REF R AR T 9 B A PR ) 22 5% 1 3 (P<0.05); HEPIASE]/N

G R FRR A — 88 B AL B 22 7 W 2 (P<0.05),

Note: N10, N821, N731, N641, N551, N822, N732, N642, N552 represent topdressing ratio of 10:0:0, 8:2:0, 7:3:0, 6:4:0, 5:5:0, 8:1.6:0.4, 7:2.1:0.9,
6:2.8:1.2, 5:3.5:1.5, respectively; CK represents no N fertilizer treatment. Different lowercase letters above the bars indicate significant difference

among treatments for the whole plant dry matter (P<0.05); different lowercase letters in the bars indicate significant difference among treatments for

the same organ (P<0.05).

2.2.2 FNEIZZE X EISR T4 0 4y BC R 52 1Y) 52 M)
o2 2 A A, RUNE Az 25 A0 B GHRH 32 e DA R A K 3
(VD). BURAEK B A R (V2) DL 7 B R
(V3) T s B MGG s 8 — e R, Hm4E
GERFEARI 3.

BT I, b AR R AR, B
WY R, 5 CKALBRAH, V1, N821,
N731, N641. N551. N822. N732 AbPR{EFI4E %
IR Ay i 35T 5 ) SRR AN, B AR T4 R L
BT o = N L o i B 7 D i Ay 2K B | R o] 5
fiK3.13%. 3.77%. 4.36%. 3.46%. 3.40%. 4.16%,

PO T 5T LU 5 9 4T 5300~ 2 42 55 6.57% . 7.92% .
9.16%. 7.27%. 7.13%. 8.74%; V2 FI V3, M{Y
A N822., N732 Fl N642 b BE7EPIAF A5 30 Ay My |- 3
T 5 Lb ) 0 2 AR, HRAR T 5T LA W
BN o i 7/ 1 DR SR i N s S R 3] A
4.88%. 6.27%. 4.27%, HARTY)J5T LU PR AF P A et
WIS B4R 4.71%. 6.09% ., 4.14%., SRIEA
TILE (N10) AHEE, VI, £ RIS 2540 B 35
T L B4R, AR T e i 442w, b3
N732 RELEE, WAEH L3509 0 Lo 49 24 R I
2.85%, BARTYIT LG4 5.74%; V2 I, W



1359

ERCR NBE =)

B RO G4

£V LB SERRRPOPIR I

74

“JBOA QuIEs ) Ul Xopul dwes Y} 10 (G0'0>d) Siuouean) Suowe JdUIJIP JUBIIFIUTIS 9JOIPUI UWN[OI B UL BIEP I}JB SI1))9] ISBOIIMO] JUSIQJJI( "Judunean

Tozimioy N ou syudsaxdor 3 ‘A[oAn0adsar ‘¢ 1:6" €16 T 1:8°C:9 ‘6°0:1°T:L “b'0:9°1:8 “0:S:S 0419 “0:€:L ‘0:T:8 “0:0:01 Jo oner Surssarpdo) juasardar ZGSN ‘THIN “TELN “TT8N ‘TSSN “THIN ‘TELN ‘TZ8N ‘0IN 910N
°(S0°0>d) 4 10 L 2 [T T B [ua] {6} ey ] S2Pfop = B o [ N 0

[ “FAWAERY D *STSES “TI8TY “6°0:TTL 0918 T0:S:S T0:H9 T0€L “0:T'8 “0:0:014) N HE ALV ELITSSN “TYIN CTELN “TTSN VISSN CIYIN CTELN CTTZ8N COIN G

J20°0F9¢'1 9 9¢'0FST8S BOCOFSL IV P 10°0F#6°0 P STOFIY 8% BGSTOFPSIS 9 10°0FLY'O 969°0F81'CE ®G9'0FC8'LI )
Oqe €0°0FY' 1 99 $$°0F96'8S qe S 0F0' 1+ 99 €0°0F€0'1 99 29'0FL9°0S P2 29°0FEC 61 9P €0°0F0S°0 dp 8EIFPTEE qe 8¢ 1F9L99 0IN
oqe €0°0F9t'1 9qe GG 0F6T 65 oqe ¢S OFIL OV 99 €0°0FS0'1 9q 8L'0OF8I'1S PO 8L°0FC8 '8 9poq 10°0FIS0 9poq € 0FSLEE Poqe £4°0FST99 CSEN
qe €0'0F9Y'1 dqe S 0F 65 oqe GS0F9 0F qe 10°0FLO'T qe 80'0FCL'LS 9P 80°0F8T 8% P2 $0'0FIS0 PI T6'1FC9€E Poqe T6'[F8£'99 TVON
B G00FEST BZLOFSI09 JdTL0FS8'6€ e I00F0I'T B RI'0F0ECS 981°0F0L'LY qe [0°0FSS'0 qe 60°0FCE'SE 9P 60°0F89't9 CTELN
qe $0'0F8Y'1 qe 69°0F89°6S 99 69°0FCE 0¥ qe €0°'0F80°1 qe 19°0FI8°IS P 19°0F61°8% 9Qe 10°0F¥S 0 Oqe ST°0F6'¥E P2 GT°0F1°S9 T8N
q LO°0FOY'L 99 $T1F6T'8S qe yTIFIL' 1Y P £0°0F96°0 P 6L°0F86'8Y qe 6L°0FC0'1S 2qe Z0'0FS0 oqe 78°0FE6'vE 9pd Z8'0FLO'S9 ISSN
9qe 60°0FS'| dqQe 61" [FIT6S oqe 6% 1F6L'0F q+0°0F90°1 qe 20'1FSE 1S 320 IFS9'8Y € 10°0FSS0 B vy 0FCSSE d by 0F8Y 9 V9N
9qe 90°0FST'1 dqe €6'0F81°6S dqe £6'0FC8 01 Poq 10°0F20°1 P39 6T°0FIS0S Poq 6T 0F61 67 qe Z0'0FSS'0 qe £6'0FE 'S¢ 9P €6'0FLt9 T€LN
Oqe 80°0Fr 'l 0q LE'TFP0'6S qe LE1F96'0F P2 LO'0F00°] P2 9L’ 1F06' 6% Qe 9L 1F1°0S Poqe £0°0FES0 Poqe $T 1F9S V€ OPIq YT IF'S9 128N 120T
d$00FYT 1 d SLOFIESS eSLOFI VY P SO'0FL80 P 6V 1FES 9 B OV IFLY €S P 10°0F8%°0 P 0S0F6€CE B 0S0FI9°L9 2D
99 S0'0F8C'1 99 6'0FS1'9S qe 6'0FS8'tY P2 +0°0F06°0 PO ZI'IF0E' LY qe Z1'[F0L'CS P2 20°0F0S°0 P2 98°0F91°¢E qe 98°0F78'99 OIN
9qe LO'0F6T'] O £ [F6£9S Qe €Y IFI9'Er P99 90°0F26°0 PIq SSIFLO' LY dqe S 1FE0'TS dqe €0°0F1S°0 Qe 91" [FH6'¢E P39 91°1F90°99 TSSN
qe 10°0FeE’T qe ¥2°0F80°LS 9q ¥T0FC6'CY 29 #0°0FS6°0 2q €I TFSL'8Y 0q ET'IFSTIS P39 10°0F0S°0 9q 6S°0FPS €€ 9. 65°0F91'99 TVON
B E0'0FLE'T B8 0F8L'LS J 8 0FCC Ty e $0°0FE0’] qe 88'0F£9°0S P 88°0FLE 67 qe 10°0F+S°0 qe LE0F68'E PO LEOFII'S9 CELN
qe 0 0FrE'l qe 99'0FPE'LS 99 99°0F99°Ct qe €0'0FL6°0 qe ¥L'0F8T 6% P2 ¥L'0FCL0S 2qe 10°0FCS0 dqe S'OFLT PE P99 0S'0FEL'S9 [443\8
99 60°0F9C'1 9q 99 [FIL'SS qe 99' 1F6T vy P320°0F68°0 PO TS OFCI'LY qe 76'0F88'CS 9qe 10°0FCS0 oqe €TOFEEPE Poq €T0FLI'S9 ISSN
Qe €0°0FIET 2qe 8S'0FE99S OqQe S OFLEEY P99 10°0F€6°0 29 €' 0F8T Y 0q ¥E0FCL'LS B 10°0F7S0 ®0S0F96' V¢ P 0S°0F#0°S9 179N
oqe $0°0F6C'1 9qe Z80F6T9S oqe Z8°0FIL €Y P99 €0°0FC6°0 P39 9L°0F96°LY 9qe 9L 0F¥0'CS 2qe $0°0FCS 0 oqe [L TF8EVE POq 1L 1FC9°S9 T€LN
99 €0°0F8C'1 99 99'0F70°9S qe 99°0F96'¢t P2 €0°0F16°0 P39 68'0F8S 'Ly dqe 68°0FCH'TS 2qe 10°0FCS0 oqe 1§ 0FSTYE POq 1#'0FSL'S9 I8N 020T
onjerjooys 033jooy  ed punoiSropun  jed punoiferoqy  onerjooys 03jooy  Jed punoiSiopun  jed punoiSeaoqy  onerjooys 03jooy  yed punoiSiopun  yed punoiSeroqy
R (%) L (%) T HEL (%) skt (%) 48T THEH (%) st | (%) 42T JUOUNBAIL] TBIA
93e)s uonenwnooe 1e3ng 93e)s uone[NWNOOE JINS pue YIMoI3 Joqn |, o3er[0y Jo a3e)s Ymoi3 pidey LA
(EA) I L7 (TA) [ a0 > Tl (TA) I3 R

$33e)Ss YIMO0.3 JUIIJIP JE
udgo.nru Surssa.apdo) 0) [eseq Jo SOIIB.I JUIIPJIP JIPUN O1)€1 JOOYS 0) J00.1 IY) Pue 339q JeJns Jo spred punoasapun pue punoa3dA0qe Y} Ul UONNGLYSIP JAew A1 T dqelL

HEWWGAEEG HGE e B e T ML [GNDF RS DE T2



1360 Y E 5 IR 2 i) 29 &
A N732 AbEEA SR B AR T T R 14.28%. 9.42%, #5F W3 (P<0.05), 5 N10 ZbHAH

] 4.81%, WERE TR TP LG 5.13%, HAp
HALHE LA —E; V3], N731, N641., N822.
N732, N642, N552 kb3 Hs 5519 5 L 4] 2 f&
fiX, YARTY R8s, [CF N731 AbHER LR
F, PIAEHL T8 5T L B YRS 3.42%, SR
Y5 L BF- 242 5 2.46%.

BE A B WIS, ASEE S mEH. 5
CK M, VI #IN821., N731, N641, N551,
N822. N732 kb FRAE W AE 5350 V- ¥ 42 755 10.03% .
12.24% ., 14.14%. 11.12%. 10.90%. 13.48%, 25
3% (P<0.05); V2 1 V3, PHAEPIASESHH N822 |
N732. N642 kb AR L4 51 F 24148 55 10.71% .

He, V1 4 E s B A PEES AR e ey, (HA
N732 Wb PR B, PIAE-FI948 5 8.76%; V2 Al
V3, N821., N551 AbHL7E AR REAR T #H SRR e
o, HAANPEUEHERARE (X N732 AbHE g B
W, PHAENAEHIE 8 R 8.63%.
2.3 FAREELLHIX AT R =
REMFIEF B HIF2 0T
% 3 0l A, EUIR A Uit X B SR e L b
R s N — e R R, AR A SR L
AR—F, 5 CK ML, ZABALFEE = 5 A1
PE T 8.67%~35.74% (P<0.05), {H W AN [

*3 ARTREBLEHITH~E. REMALFAEE

Table 3 Yield, quality and nitrogen use efficiency of sugar beet under different ratios of basal to topdressing nitrogen

Ay Ab A (kg/hm?)

Yield

EHER (%)

Year  Treatment Sugar content

PR (kg/hm?)

FIBLRFHOR (ke/kg)

Agronomic efficiency

RIEmA T T1 (ke/kg)

- Partial factor
Sugar yield

of nitrogen productivity of nitrogen

2020 N821 47769.10+638.30 d 13.74+0.62 ab 6563.37+225.63 de 26.9146.91 g 318.46+4.26 ¢
N731 49854.92+643.58 cd 14.08+0.63 ab 7015.78+226.06 be 40.82+6.49 ef 332.37+4.29 cd
N641 51716.37+1833.80 bc ~ 13.18+0.63 abed  6807.49+101.87 cd 53.2349.76 cd 344.78+12.23 be
N551 47904.32+1496.84d  12.62+0.50 cd 6042.40+127.70 £ 27.82+5.17 g 319.36+9.98 ¢
N822 53801.96+1007.07bc  13.35+0.50 abc  7179.55+165.57 b 67.13+3.34b 358.68+6.71 be
N732 58075.7242248.25a  13.17+0.82 abcd  7634.48+186.67 a 95.63+6.71 a 387.17+14.99 a
N642 52961.47+1196.11 bc  12.97+0.9 bed 6861.55+243.73 bed 61.53+7.81 be 353.08+7.97 be
N552 50365.17+382.91 ded ~ 12.07+0.61 d 6076.374277.77 f 44.22+6.96 de 335.77+2.55 cd
N10 48669.32+1673.30d  13.01£0.19bed  6330.33£130.16 ef 32.9242.12 fg 324.46+11.16 de
CK 43731.86£1425.40 ¢ 14.21£0.86 a 6209.49+289.45 f - -

2021 N821 47929.68+880.01 ¢ 14.22+0.37 a 6813.98+139.85 de 29.50+1.44 ¢ 319.53+5.87 f
N731 50537.76+1275.28d  14.31£027a 7230.66+75.40 ¢ 46.89+4.32 d 336.92+8.50 ¢
N641 52789.41+1189.88 ¢ 13.38+0.61 b 7060.19+238.66 cd 61.90+3.47 ¢ 351.93+7.93 cd
N551 47030.13+898.44 ¢ 12.99£0.11 be 6106.64+85.04 g 23.50+1.98 ¢ 313.53+5.99 f
N822 55603.16£2185.22b  13.60+0.74 ab 7552.04+190.49 b 80.6610.85 b 370.69+14.57 b
N732 60330.15£1371.05a  13.2840.49 be 8006.25+131.25 a 112.17+6.89 a 402.2049.14 a
N642 54721.10£659.52 be 12.96+0.39 be 7088.26+172.04 ¢ 74.78+3.16 b 364.81+4.4 be
N552 50669.07+1339.29d  12.56£0.16 ¢ 6362.58+84.94 f 47.76+4.65 d 337.79+8.93 de
N10 50387.68+1335.54d  13.21+0.38 bc 6652.92436.72 ¢ 45.89+5.87 d 335.92+8.90 ¢
CK 43504.49+673.51 f 14.3240.55 a 6228.37+170.38 fg - -

H: N10, N821., N731, N641, N551, N822, N732, N642. N552505MCFEAEIEE e 4110:0:0 8-2-0 7:3:0, 6:4:0, 5:5:0,

8:1.6:0.4. 7:2.1:0.9. 6:2.8:1.2, 5:3.5:1.5; CKNANGEEEALH,

(P<0.05),

[) S B Hfe I AN ) /N B3R R [l —

ARy [] —HE b b B ) 22 5 Wt 2

Note: N10, N821, N731, N641, N551, N822, N732, N642, N552 represent topdressing ratio of 10:0:0, 8:2:0, 7:3:0, 6:4:0, 5:5:0, 8:1.6:0.4, 7:2.1:0.9,

6:2.8:1.2, 5:3.5:1.5, respectively; CK represents no N fertilizer treatment. Different lowercase letters after data in a column indicate significant

difference among treatments (P<0.05) for the same index in the same year.
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FERFRIFAG, N551. N642 FIN10 AbFHAY R Al B ik
W EAE . BTYA R, 2020 4F N732,
N822. N731, N642, N641, N821 b3, 2021 4F
N732, N822, N731. N642, N641. N821, N10 kb
PR R R R, 2021 4F NS5 AL BR Y 7= 4 i
e 219

TEF—SIE LU T, BS™& N732. N822 4b
PR B H T N731, N821 4b3, 5 N10 4bFHAH
Fb, N732, N822. N642, N641 AbFREHZEPI4E -1
TR 19.53% ., 10.45%. 8.71%. 5.52% (P<
0.05), H N732 &=/~ & W% = T N822, N642 fil
N641 Zb3H

ST A AL BRI P 6 . SRR A A T
L, EFEAE HL B (70% B 80%), Bt 2 AR
B LW, AR R, AR R A
FENE LI (60% BLE 50%) B, 38 il B e
FBE = AR 2% . 5 N1 O AFRAHLL, N821
FINT31 ALBEAG S BERAE 2021 AR R I B4 5o

AT SR 7 o 2 p SR R R R 2 [ e
fy, TR—JEAB BT, B AR 2 Y45 A B = i
P TR 1 RALEE, H N822 I N732 4bBR 451 i
FE T ONS21 FIN731 AR, 5 RUIE 433 (N10)
AL, N732. N822. N731, N642, N641 Zbfi=E
FERE R AR A B 20.47% . 13.46% . 9.76% .
7.47%. 6.83%, 5 EFE (P<0.05), H N732 4bH
SEPHHR L T N822, N731. N642 FlIN641 Ab3

AT BB AR 2= SOR RN A 7= 1 Al 0, P AF:
[l — LA LB R, B AR 2 R4S Ab BLARUIE AR 430 R A
R A = F1 8 B AR 1 R Ab B, HBRFLAE L4
H60% TS AEFRAL, HA BN L R 4R B
FiE. 5 N10AAHAHEL, N732. N822, N642,
N641 A FRANEAR =R P AR YA 5 5 5 167.48%
89.66% . 74.95%. 48.30%, RNEMwAE= 1 2 4435
S 19.53% ., 10.45%. 8.71%. 5.52%, %%
% (P<0.05), H N732 4bF %7 T N822. N642 Fi
N641 4bHH

24 HRAASFHIES THREREX I

H%% 4 AT, 2020 F1 2021 AEFHSE M AP AR K
Wl HURA R K BRI B LR, AR
ANFSEIE LA BER , HESEn Figot A iR . e
CO, W . R | <fLF M SPAD ¥ 5t
A HUR T R SR i R AR R R 35 (P<0.01)
AR IEOE 2R, T3 I RO 3 ok Xt i S 6 A R A B

W R WECEAR SR BN TR R, 2+
P
2.5 FBBAEIEIE EL I T 74T ERAs 10 # b B Sk
EHHE. FRENERS P

H &4 A7, KRS G RHIE . B 7 N
&3 R WA ALy, BT TTRR R 2020 4R35
89.66% F15.60%, 2021 4453528 92.25% Fil 4.14%.
BAGIRAI A EAC KR, £ E R IR 5
S S A S i T LS RIS R R A O,
LSRR C M G, 5 AL T HA LA 48
B, VB IR 23 Uit FH A3 S S50 G R AT 1 DG B A
FXFCOM G Y, ST A RE T, R
RE 53 Uit 2 ok g m =t v P, Gl Ty G,
H SPAD {H 52 B & 0y 3G hnn, 32 10 42 T 3 7 4
o PHAESE R PR, N732 4b3FE PCI 4 5 HA
A E A B S AT U A G SO A R A A I
HA WEIE MM, CK. N551 4h¥i7E PC1 il I
B H At A BRI S 43 TF, AH O A AR R i
FIZ 5, HARA AL B AR PC Sl b A Bl
X5 T,

3 ifig

3.1 RIBZFERATITEBEACH GRS

SRR B8 A EER, = LA RE
T B e VR R A AR SR A B A TR, AR
AT E AT RS S (ot
K EMBEAE | ME CO, WM AL TE) EMEY
g R AL R A AR YD B RE )™, SPAD fH
SRR R AR R AR SR R S, MRS R
2 AL (7P =g YN EE Nk /105 A1 AN O S eSS
SRPAE S A  90% LB RA LB LS VEH]
FRALLUR I SE 9™, st AR TG A BE TR R R
R E AT, AR YA KRR 2 i oo
R, MEPDLEER . SRR, BRAA AT A A
SR RNl AR R B RS RSO G
A, B RNL S B A AR BFEARCY . A5
L, SR, SR B 3 447 Y
SR 6B R AR R S B W35 T i B, BT
HEXT BRI Rt BE ) BA AR o R IASBIESE
S B, AR A A R — SR A A, B e
1 YAE ST FoOea BE 1 i TIa e 2 AL B,
X 5 A OG- DB AR K T 24 i RUIE BE S
A AR BESE A R AR — G HRIL e
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Table 4 Correlation coefficient of photosynthetic characteristics with dry matter accumulation of different sugar beet organs
under different ratios of basal to topdressing nitrogen

AE45y Year H:F ] Growth period #%'F Organ P, C T, G, SPAD
2020 AR (VD) A Leaf 0.974* 0.997* 0.980" 0.992* 0.968"
Rapid growth stage of foliage 4 Petiole 0.993" 0989  0987%  0991* 0975

HeAd Root 0.984"* 0.993** 0.984"* 0.991* 0.974*

HRA R AR TR (V2) i H Leaf 0.974" 0997 0980  0.992™  0.968"

Tuber growth and sugar accumulation stage - Petiole 0.993" 0.989° 0.987" 0.991* 0.975"

el Root 0.984™  0.993™  0.984™ 0991  0.974"

PRI (v3) A Leaf 0.965 0.979* 0.923 0.966™ 0.881*

Sugar accumulation stage 4 Petiole 0972 0971 0889  0956*  0.936"

HeAd Root 0.983"* 0.989™* 0.952"* 0.982* 0.923*

2021 AP AR (VD) A Leaf 0.964* 0.968" 0.971" 0.988" 0.953"
Rapid growth stage of foliage I Petiole 0964 0976 0978 0985  0.960"

el Root 0.965™  0.986™  0.979™  0.992"  0.984"

YR A K BB L2 (V2) " H Leaf 0.869" 0.900" 0.930™ 0.939* 0.892"

Tuber growth and sugar accumulation stage -4 Petiole 0.957" 0.941" 0.948" 0.965" 0.907"

HeA? Root 0.944"* 0.929** 0.929"* 0.949™ 0.896*

WL (V3) 5 Leaf 0.982™  0.991™  0.965™  0.988"  0.950"

Sugar accumulation stage -4 Petiole 0984 0979 0943 0979”7  0.948"

el Root 0.982™ 0967  0.918™  0.953"  0.967"

E: P G G TAHREOEE R, IV, MUAICOMAL | AR,

Note: P,, G,, C, T, indicate net photosynthetic rate, stomatal conductance, intercellular CO, concentration, transpiration rate, respectively. *—P<0.05,

**—p<0.01.

Jiti (N10) AHEE , IS 4 RUIEAS [ L8 L 197] 4k 2 Al
St RO A RHEE bR B R, HLIAG S N641 . N821 .
N731 Fl N732 FEA- 8 hn R0 0 2548 57, IR X
JLIE] CO, ¥ A AL B 1 s i K X 5 3
FZEIE R, ULEH T AP AR KB, 3 S 1 3 m A
JE 3B it R R A% T L 4 S RIS R R R,
SAURGL, #8n CO, FE A R A RE 2 i
St ReARE S, X S IETOE AR AR Tk
Lt i AELIFA, bR Sg i, A AL
OEA R CO, B, FE i & i R A VR H B E
FEGEIREA . FEAYARA KA TR, B
TWRANE B GE, £5 AL BER SR ROL AR RS
I IAERGEE A K AN TR A R B0, TR]— AR it FH 2 T
TBAE 2 YA FEESE A GG R T 4 BIOE THE IR 1 IR
AEBE, AT ULz s A i S A UL RE A8 i — 2D A I
e ROG AR, B i TS i IE B A 4 R
R, BRI RO BRI, N I

&, AR R XDERER R B LS, AR A
PERE, HzB B EEent Figot A dck . MiE Co,
WeRs . MR | SALF M SPAD {H 152 A
—3, T SRR PR BT, R EE i O
GRS, SRS (N10), N732, N822,
N642 Fl No41 AL H &G G Fabr i 4w . Al WAE
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Fig. 4 Principal component analysis of photosynthetic characteristics, yield and quality indexes
: N10, N821., N731., N641. N551, N822, N732, N642. N552 533lfCRANIAE A 10:0:0, 8:2:0. 7:3:0. 6:4:0., 5:5:0,

8:1.6:0.4, 7:2.1:0.9, 6:2.8:12, 5:3.5:1.5; CK N AMANELATE, P,. G.. C. T.. SPAD. YY Fl BY /i RGEEHE |

[6] CO, ¥FE . ZEiBH= . SPAD fH. P it HI Mk,

ALRE. M

Note: N10, N821, N731, N641, N551, N822, N732, N642, N552 represent topdressing ratio of 10:0:0, 8:2:0, 7:3:0, 6:4:0, 5:5:0, 8:1.6:0.4, 7:2.1:0.9,
6:2.8:1.2, 5:3.5:1.5, respectively; CK represents no N fertilizer treatment. P,, G,, C,, T,, SPAD, YY and BY indicate net photosynthetic rate, stomatal

conductance, intercellular CO, concentration, transpiration rate, SPAD value, yield and sugar yield, respectively.
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