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Effects of Supplemental Irrigation and Fertilization on Dry Matter Accumulation, Sugar

Production and Nutrient Uptake in Beta Vulgaris L.

ZHANG Jili"?, JI Jinfeng', WANG Ning', WANG Peng"”

(1 Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China; 2 Daqing Vocational College, Daqing,
Heilongjiang 163255, China)

Abstract: The effects of fertilization under rain-fed condition and supplemental irrigation after fertilization on dry matter
accumulation, yield, sugar production and nutrient absorption of Beta vulgaris L. were studied in order to provide a theoretical
basis for fertilization and irrigation in Beta vulgaris L. cultivation. A field-plot experiment was carried out and three treatments
were setup, including rainfed without fertilization (CK), rainfed and fertilization (TY), and supplemental irrigation and
fertilization (TB), and each treatments with three repetition. The results show that, in the harvest period, TB significantly
increases the total dry matter accumulation and sugar yield compared with TY; TB and TY significantly increase the aboveground
and total dry matter accumulation, yield, sugar rate and yield compared with CK; TB significantly increases the underground,
aboveground nitrogen and total nitrogen and total potassium uptake of Beta vulgaris L. compared with TY; TY significantly
increases total nitrogen and total potassium uptake compared with CK; TB significantly increases the underground, aboveground
dry matter accumulation and total phosphorus uptake compared with TY; TY significantly increases the aboveground dry matter
accumulation and total phosphorus uptake compared with CK. Comprehensive analysis shows that TB is beneficial to promote the
growth, development, yield, sugar production, phosphorus absorption, and to reduce nitrogen and potassium absorption of Beta
vulgaris L. compared with TY, thus, it is recommended to carry out appropriate artificial supplementary irrigation in May—June
when drought occurs.

Key words: Supplementary irrigation; Beta vulgaris L.; Sugar production; Nutrient absorption
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BT VIR E T2 TR, B4 5—6 AR
IR /D 5 R B 2 T e 3 R R TSR T Y IE
WAERKKE . W T 5 MR IR AL -5 56 b = o i
17, ACIERE AR R, X it — 8 1+ 540
N EKIIE R o R — AL, RN TN
77 2O SR AR Iy, fedb Rtk AR I, XFRRAR Y
Y RIaGE, TR A AL EE
SCo FBEIE IR A EE WA THEY, AR ET
TR IR A BB, K 2 Bk T S EER MR
SISt , B RER R T RER AR, R T
BEs BEKA R R A TSNS, FHESRAERZ IS,
PRI LT DRI PRI R K S R RIS AR
PR B R DT A s erh R, TR
K 22 LRSS , 3 IIRAS 5 T AN K 40 1
YA, BRI RGeE. Ba . EAP &
SR NE TSR N TANEERF IS5 SRR, E/EY)
it /K S B IR YR A T ) PR R ) 2 A ) A K A
R AR e o HATARIE TR A AR IEK SRR AR
KT, 5—6 HMZFETHTRIEEN
IR /K B SRS , IS HEA T N AN RT LA AR A
FIIRFE K BN o AR AARSCITTE R, H A AR L
BILE TR 5 R LR I AT N AN RS RIS KA
TSR WG B AR S o AR SCHTE T 78 2 1
MU L5 SRR R N 2EAT 25 4F T, B IR AE 5 A it
AE . ANEERERE A& PF R R TR AR | i
TR WA A R , LA PRIETT A S 2 i Rt
S B AT K S RIS BEAR BB AR .

1 #MREFE

1.1 REEw A

BT 2019 4F 4—10 AAEBIRIT N — R B K%
IR FEHL(46°37'N |, 125°11VE)iEAT, 425 B4
+, witERSR G, AR 4~5 C, 2019
AR I b S K Bl 543.50 mm, 5—6 H AR TS R
Ko HIESLRRAC JI A AP 28.6 g/kg, BlfEA 49.67
mg/kg, ¥ 30.55 mg/kg, HBAH 179.00 mg/kg,
pH 8.67. K55 Tk IS 2 A H809.
1.2 Rt

RIGI 3 AL, CK A R FRAN I AL B (25 1
SRR, AHEATRATAERE; TY S 2435 76 E -+ 35 Ak
B, FERERIARNTEK Sy, PR EEREA LT TB A
HRACHANEAL S, R ALK S mm/tk. 6 H 12 H
Smm/bk .6 H 23 H 5 mm/tk.TY 55 TB AbPjifi N 120
kg/hm®, P,0s 104 kg/hm®, K,O 120 kg/hm?. 56 fif

WAL MR E, & N 46%; Bl b Biie ey,
P,0s TN 46%; FIEMBRIRE, KO0 N 50%.
RIS HTHARFRIE,, B R0 HTIE A RS R OREBAE NI
56 AL 0.066 7 hm?, G SEAR ;2 B MR IE 0.2 m,
F7HH 0.65 m, 76 950 Fk/hm?, Hkk5 5 R HZB1ER
. IHT 4 A 20 HE#RREZ, 5 H 6 HIZFME
FOFHIIEAE, 5 A 8 Hi&FP.
1.3 REXRNEDH

I35 T AP ISR I(7 H 9 B BB
K18 A 5 H). ShE s 289 A 7 B). gk
(9 H 28 H)HRIEFE, 47 M SL R = P 5, 105 °C R
# 30 min, fE75 ~ 80 ‘C FHET 520 FIAR 23 AR
&, IME TR R, YOk, BEPLEE 3 4 10
ZEx20 m JEF AR IR, A INE &, JFR
FHUBEAS B0 5 B S i, T bl it T
JeE A ARAE S R - E AL ETE S, FUAPILRE
R PV E Tk | JOECEEES 0 B e A R A
. M.
1.4 HHELE

B A BN FAR HVER A Excel 2021 (A,
25 W EYES T # F DPS7.65 MR .

2 HEREHWH

2.1 #MESHERXHETFYRDENEZME

2 1 A, TY 5 CK A EuH2 & T8 T &8
T4 AR SR i, HL b AR 3 K I AN AR AR 40 B 2R
W TY P ST CK, WO EREXE S, £
W IR N AE A A RS AE B b ) B e S R
WY R R, TY #b E3ALE T4 A R bR
HRA KIS B3 = T CK, R FR&: T it
FEA ) 412 22 1 1 3 R A B SR R R
TB 5 TY AR TR P TR Ra, o
TB & & T CK, Xl TB 5 TY. CK A H]
FAR A T T B R BRI =
HURBE LR, TB b LT R R e T
TY, {HICGHRIIBIA b P22 7R 3 . BB o4 K
WKW, TB B TR REREST TY, X
ULAH & A Z e T R NE A R FREER R R .
22 #NESHEENHEFERFEENHN

2 W[, TY 5 CK AHEL W3R 5 T
W, TB 5 TY MR T 2.82%, RFALHEZS
M R RN R R P i o BT ok
E, TB M TY ZH LR FEES, WA EST
CK, £ TB 5 TY A X RIS A & 3=k
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F 1 AEACEEXEH S T RER 2 89 0 (g/4K)
BB AL JL3L YNSRI ] PR 31 K39 PR3 AL 2 WAk 9

HiR S CK 542+0.20b 4232+5.12b 62.33+2.00b 90.72+6.06 b
TY 6.65 £ 0.56 ab 55.77+4.00 a 83.57+£5.06 a 115.59£9.91 ab
TB 7.18£0.60 a 60.94+5.01a 9238+7.13a 12838+ 14.17 a

i 13 CK 13.13+1.53b 48.09+4.01b 58.58£3.03 ¢ 75.51+£3.31b
TY 2230+227a 40.61+2.98b 77.07+2.93 b 96.66 + 4.96 a

TB 16.61+2.06 b 89.54+5.12a 98.60 = 4.16 a 103.52 £ 8.26 a

AT YR CK 18.55+1.72 b 90.41+9.12b 12091 £5.01 ¢ 166.23+9.37 ¢
TY 28.95+2.82a 96.38 £ 1.02 b 160.64 £ 6.41 b 21224+ 14.86 b
TB 23.79 +2.66 ab 150.48 £0.38 a 190.98 +11.28 a 231.89+2243a

T RNEUE NI EAREZE ; WS/ NG TR 367 4h B 0] 22 5 W 35 (P<0.05), T 1.

R2 FEAEMHF"ER~EENFE

W hkghm’)  FHR) PR (kg/hm)

CK 35103+1469b 8.70+0.10b 3066.24 + 146.56 ¢
TY 43553+3000a 11.03+1.00a 4650.36+166.70b
B 44783+3002a 11.07+1.0la 5098.18+171.86a

FR, H TB M TY 54 B Fb 2 3 4 & 7 & b
FOTY oM S CK MRS T 51.66%, 25 0%,
& [R) 2 TE TR F2 4508 T IE S5 R it AR A He s )5
PR TB PR TY #2887 9.63%,
250 03 RARIRERILA0F T A TAMNE 2 W25
B 3
2.3 #MESHEABXT R R R A R

% 3 nl, TY 5 CK A H7ER AN 500 [R] 1y
R i TR S R, b SRR A
EERPUR B S KIS TY BB E ST CK, RUE
PR T R £ o 2 i SR U R ORI
TB 5 TY AHELFRAL T Hb R, B APk
RSN TB ¥ EART TY, RIARNEAT] TR
R A A CRA . TB 5 TY M AL ER
TSI B R T e BB AR, TB fEH A
PRGN FSOGR I 8 28T TY, (H TB B35

T CK, FRUHNETEWCR Y5 T BEAH L 2 1 25 45 o b
AR . FEHAREE KT, TB B AR
BERT TY, Hik Y TB BT TY, XAlfigs
I T HOR R ZRC RN G
2.4 #biEE S e B XT B SERE IR R 220

H2 4 A1, TY 5 CK M ELEE s T SRR R B
Wi, BREURBE SIS TY B8 & T CK, XN
I REARAT TRt S R, TY 45 CK A
FEA I ARSI ] 0 2 3 1R SEh E ARm i
HAEFI TY 5 CK Z AT 245 . Mg
KM HRBE R S BTRIGR I, TY St i
BT CK, FRUIRNFE T it A £ 25 1 e S B i
O HURAE MR, TB Ho T s ics B 55T TY,
HAABHY TB 5 TY ZRITCRE2ES . AR
KM . HARBE T SRR TB BT CK, £
HANEE -+ AE 50 A LA 3 M E BRI 2 42
PR T B IS AL . RARE I AN AR AR S 2R
W1, TB b EEBEEVCE B ST TY, (ARG w4
W RTC 0 2 5. B bR S K 2=k, TB
SRR 3 T CK O TY , R WTANE S R IR e
AR it A Ah B 25 2 3 4 o S B i i

F3 TR EH 3 E R A9 B2 06 (kg/hm?)

AL Qb3 I AP 4 K3 oA o e B A lherR:E]

Hu R CK 4.12+037b 49.71+3.27b 61.41+3.90b 9233+2.40b
TY 5.70+0.60 a 74.55+4.01 a 118.26 + 10.04 a 166.61 +20.09 a
TB 549+0.43a 3240+2.83 ¢ 72.32+2.14b 109.70 £9.09 b

i 13 CK 29.92+244 ¢ 98.64+5.30b 127.80 + 10.14 b 199.49 + 10.09 ¢
TY 56.70+3.17 a 102.58 £5.22 b 213.68 +10.19 a 308.62+8.17a
TB 4450 +2.26 b 236.50 +30.21 a 237.47+15.15a 275.61 +1521b

EVAR I CK 34.04+2.80 ¢ 148.36 + 8.57 ¢ 189.21 + 14.03 b 291.82+14.29 ¢
TY 62.40+3.77 a 177.13+£9.22 b 331.94+20.22a 47523 +28.26 a
TB 49.99+2.69 b 268.90 £33.03 a 309.79+17.29 a 385.32+£24.29b
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F 4 EIREIE 3 FE SR IR B9 F 08 (kg/hm®)

g Qb3 i AP K HOpRA o3 He K 4 oA o TR lher:E]
R CK 0.29 +0.04 b 4.87+0.80 a 491+0.71b 6.52+0.50 b
TY 0.57+0.07a 527+020a 8.66 + 0.60 a 8.38+0.81a
TB 0.47+0.07 a 337+0.33b 7.81+0.80a 930+0.62a
Hb -3 CK 1.06+0.11b 424+0200b 6.77+0.30 b 8.89+0.80 b
TY 2.63+0.60 a 432+030b 5.87+0.80b 9.83+0.81 ab
TB 141£020b 9.55+0.75a 10.63+1.00 a 10.79+1.02 a
BRI CK 1.35+0.15b 9.11+1.00b 11.68+1.41 ¢ 1541+ 1.30¢
TY 3.20+0.67a 9.59+£0.50 b 1453 +1.40b 1821+1.59b
TB 1.88+£0.27b 1291+ 1.08a 18.45+1.80a 20.09+ 1.63 a

2.5  #MNE 5 RB X EH 350 IR O S

tE S AT, HARBE B R AR o T R
W, TY HREAIRCR BE R T CK, (HI
MO ZEIT R FEZER ., TY 5 CK A4S 7 -
TER S, BREAR A 435 K I S A b B2 R A7 7
WS NP K | RS B BRI R
By, TY SR B ST CK, RUIFNFRE i
B F T 3 A4S US4 W AL P R bR
SPIEKI, TB MU ERAIE R E & T TY, SR

B EWAGRY TB 5 TY ZMTEREZER; Ik
2JY TB R EMRT CK, RN AR TR F X
BRI, TB 5 TY AHECERBARBE 7338 RSN 4R
TS RIS, R IR AR TSR
XTI W SORIA o B 73 R SR AR, TB
SETR R AR T TY, RUAMNES IR 2
F AR TS PR 77 ISR B SR . AR
BT HERIAI SR R, TB B3 H T CK, i
AHRTEIE SRS A Ak B 2 [ HG S 3 22 5

K5 TR AL SRR UK A9 M (kg/hm?)

B pusi] T AR K HOrE o e K 4 BB 5 L2 WAk
H T EB CK 0.15+0.03 a 1.50+0.10 ¢ 3.11£030b 7.44+0.40a
TY 0.20+0.04 a 3.10£0.30 b 5.43+0.40a 6.36+0.61 ab
TB 0.22+0.03a 4.17+0.10 a 4.56+0.50 a 5.65+0.51b
Hhy 1B CK 3.17+£0.40b 6.03+£0.50b 11.14+1.00b 20.29+2.01b
TY 556+0.51a 6.24+0.60 b 20.20+2.00 a 28.07+2.11a
TB 2.91+0.50b 7.96+0.70 a 13.26+221b 23.82+2.41 ab
XL Tl CK 331+043b 7.52+0.60 b 1425+1.30¢ 27.72+£241b
TY 5.76+0.55a 934+ 0.90 b 25.62+2.40a 3443+2.70 a
TB 3.13+0.53b 1213+ 1.11a 17.82+2.71b 29.48+291b
3 Wi Py SR SR EAT R SRS IR A X

K RER RIS R EI R, SERBIFR
AV 11T S TR T N (1) R R 7K R B v S
PRI BRI A K RN 2 R B BT
TR RHSRAE— A R Bey™ A2 38 R, I T A
TEEZE AT 5 a0, Al 1 BH SR A AR o 7 A A 3
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PN TAME J7 33 K A A T i e m o A
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B R, e W I AL SR EAME S 2 TAR AR L i
RS A R, SR ANRE AL RS AR
R T R IRMEACALBE , IX BRI ANEXS S s AT

FINE By M s T AR O B A I S AR K 2 R AT
Ko BHOKPA R AT T 2 BRSO
AYERIMBET, TS BUERINGE, SRt
NN AT LA A5k B w0 - e e 3,
FiREHYDOCERET), ARTAEZROCE Y,
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