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Effects of different drip irrigation belt configurations and film mulching
methods on yield formation characteristics of sugar-beet in Xinjiang
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Abstract In order to explore the effect of drip irrigation belt configuration and film mulching patterns on the yield
formation characteristics of sugar-beet. beet variety ‘beta379” was used as test material, and a split plot block test
was conducted in Anning Experimental Area Base of Xinjiang Academy of Agricultural Sciences. There were two kinds
of drip irrigation belt designs in the main area, which were double row and single pipe (D;), and double row and
double pipe (D,). There were four kinds of film mulching methods in the sub area, which were bare land (M;), black
film (M), single layer white film (M;), and double layer white film (M,). The dynamic changes of functional leaf area
(the fourth leaf from the top, L4), biomass accumulation and distribution, root tuber yield and sugar yield of sugar beet

were investigated, and the correlation among the main character was analyzed. The results showed that the leaf area of
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the last fourth leaf increased by 8.77% in the double tube drip irrigation treatment than that in the single tube drip

irrigation treatment, which caused the sugar beet entered the rapid growth period (t,) 10 d earlier and the end stage of

rapid growth (t,) was delayed for 12 days. Consequently. the growth characteristic value (GT) was increased by

11.24% , root shoot ratio was increased by 8.53% , and single root weight, sugar content, yield and sugar yield were

increased by 30.46% ., 1.10% , 31.47% and 32.76% , respectively. The irrigation water utilization efficiency of yield

and sugar yield were increased by 31.47% and 32.84% ,

respectively. Compared with bare land (M;), the double

white film treatment (M,) had 10.49% green area of the L4, 7.55% higher growth characteristic value (GT) of sugar
beet, 18.52% higher root shoot ratio (P<C0.05). Therefore, the double tube and double white film model (D,M,) can

effectively increase the yield and irrigation water use efficiency (IWUE) of sugar-beet in Xinjiang planting area.

Keywords sugar beet; drip irrigation; mulching mode; yield; water use
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Table 1 Distribution of drip fertilization in this study
i H H#] Date A
Item 04-26  06-15 06-25 07-05 07-15 07-25 08-05 08-15 08-25 09-05 09-20 Total
R/ (m®/hm®) 600 600 450 450 600 600 450 450 450 600 450 5700
it JE 42 / (kg /hm®) 0 75 75 75 75 75 0 0 0 0 0 375
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D; ., double row and single pipe; D, , double row and double pipe. M;, bare land; M;, black film; M3, single layer white
film; M, , double layer white film. SS, seedling stage; FGPOLC, fast growing period of leaf clump; TES, tuber expansion
stage; SAP, sugar accumulation period. The same below.

1 HETERE(a)SEEAN (b)) HFEE DM (L4) @R M
Fig. 1 Effect of different drip irrigation belt configurations (a) and

film mulching methods (b) on the area of 1.4 of sugar beet

]2 BETRESBEERAXNEXESTURBEZHENZT
Table 2 Effect of drip irrigation configuration and different mulching patterns on

dry matter accumulation characteristics of sugar beet

K Al AR v,/ 9
Main area Subarea Formula b/d /d w/d atld (g/d) ot K

M, y=1269. 48/ (1 -+ * 700270 ) 49 146 97 97 1. 84 178. 48 0.980 9

D, M, y=282.49/(1+® 700280 46 140 93 94 1.98 186.12 0.995 6

M, y=288.45/(1+* 370020 37 135 86 98 1.94 190. 12 0.977 3

M, y=2307.81/(1+e* 00780 48 142 95 94 2.16 203. 04 0.974 8

M, y=287.27/(1+e® 870050 34 149 92 116 1.63 189. 08 0.995 9

D, M, y=1309. 34/ (1+e* 70020 32 148 90 116 1.75 203. 00 0.984 9

M, y=2330.38/(1+4e® #0020 35 149 92 114 1.91 217.74 0.966 7

M, y=2355.54/(1+4 % #0020 38 165 101 126 1. 85 233.10 0.992 7

TE oy, RS T TR R 520 o DA HE 1 380 i R A ST S5 R A IF 1] 5 20 o A 87 0 AT A 4 30 T B BF 69 RF (1] 5 2 5 DA S 7 380 DR 3 2 00 485 R e 4
I TR] 5 Az, i AR A K AFEE T T] 5 Vo i RAE R GT R A KAFFIE( . TR,

Note: y. the sugar beet dry matter accumulation; zy, days from emergence to maximum growth rate; #;, days from emergence to the

beginning of rapid growth; #,, days from emergence to the end of rapid growth; Az, the duration of rapid growth; V., the

maximum growth rate; GT, the eigenvalue of rapid growth. The same below.
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Table 3 Effect of different drip irrigation belt configurations and film mulching methods
on the ratio of dry matter root to shoot (T/R) of sugar beet
FIX Al X HEF W Growth stage
Main area Subarea SS FGPOLC TES SAP
M, 0.9340.01 ab 1.21£0.02 a 2.86+0.09d 3.67+0.05d
D, M, 0.9340.01 ab 1.16=+0.08 ab 3.03£0.07 ¢ 3.90+0.06 ¢
M, 0.93740.04 ab 1.15%£0. 04 ab 3.18£0.11 ab 3.997+0.06 be
M, 0.9640.01 a 1.09+0.02 be 3.124£0.07 be 4.03740.11 be
M, 0.9340.06 ab 1.21£0.03 a 3.08=£0.07 be 4,0840. 06 bc
D, M, 0.8940.01 bc 1.192£0.10 ab 3.14£0.02 abc  4.20£0.13 b
_ M; 0.9240.02 ab 1.10=£0. 03 be 3.20=£0.06 ab 4,204+0.14 b
M, 0.8540.02 ¢ 1.03+£0.03 ¢ 3.26£0.04 a 4,4440.19 a
T AT T E (D) 12,054 0.976™ 18.730 56.845"
F AR T VD 1. 260 9.340" 13.281" 11.378"
TH A TG < R 5.178" 1.087 2.010 1.297
F R (DX M)

3« R 257 B (P<<0.05); »x KR ZEFWBFE(P<0.0D) abie.d FR P<<0.05 KFEFBEMEER, TR,

Note: * means significant difference (P<C0.05); ** means much significant difference (P<C0.01); a, b, ¢ and d mean

significant differences at P<C0. 05. The same below.
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0.05),D, M, kDM, 235340 28. 84 % Fi 28. 08 % ,
2.6 HEEMKTYRRBREREFEMREEE

KIS

HH 2 6 T A1, 7E B REAR 19 R R A b (] i
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Table 4 Effect of different drip irrigation belt configurations and film mulching methods

on yield components and yield of sugar beet

FKX dlx W B AR E/ HRE kg SRR/ P/ WAk 5/ Yo TR/
5]
Main 10* ¥k Root Sugar (10* kg/hm*) Harvest (10* kg/hm*)
Subarea . :
area Plant number weight content Yield index Sugar yield
M1 8.95 a 0.84 f 14.44 ¢ 7.52 e 78.57 d 10. 86 e
D M2 8.95 a 0. 86 ef 15.05 b 7.67 e 79.58 ¢ 11. 54 de
1
M3 9.05 a 0.97 def 15.49 ab 8. 74 de 79.98 ¢ 13.54 cd
M4 9.05a 1. 04 cde 15.55 a 9.41 cd 80.11 bc 14. 62 be
M, 9.10 a 1.11 bed 15.16 ab 10. 12 bed 80. 31 bec 15. 35 be
D, M, 9.00 a 1.16 abc 15.27 ab 10. 46 be 80.75 b 15.97 be
M, 9.05 a 1.24 ab 15.33 ab 11.24 ab 80.76 b 17. 26 ab
M, 9.15 a 1.33 a 15. 44 ab 12.12 a 81.59 a 18.71 a
T HE A B (D) 0.158 48. 47" 2.587™ 50. 437" 63. 920" 48,417
P BB D7 (M) 0.185 5.284" 8. 905" 5,778 13. 086" 7.261"
i VR T T X T B 0.079 0.025 3.857" 0. 043 1. 662 0.101
J7 (DX M)

x5 HETRESAREBERAXIHEERAKS A ALE(IWUE) K # I
Table 5 Effect of different drip irrigation belt configurations and film mulching methods on

irrigation water use efficiency (IWUE) of sugar beet

BEAA TP AR S 4/
FEX Al X (10° kg/hm*) IWUE 55 / IWUE; / IWUE sy /
Main area Subarea Population dry matter (kg/m*) (kg/m*) (kg/m*)
accumulation
M, 30.91+1.68 ¢ 4.2940.23 ¢ 10.45+1.08 e 1.5140.14 e
b, M, 32.2242.07 be 4.48740. 29 be 10.6540.56 ¢ 1.6040.08 de
M, 34,3140, 41 abc 4.7740. 06 abc 12.1340.35 de  1.884-0.08 cd
M, 35.1043.18 ab 4.884+0. 44 ab 13.07%1.14 ab  2.0320. 20 be
M, 34.2342.22 abc 4.75+0. 31 abc 14.0541.14 abc  2.134£0. 20 be
. M, 34.8642.61 ab 4.8440.36 ab 14.534+1.98 ab  2.22740.29 be
M, 35.9641.10 ab 4.9940.15 ab 15.6141.90 ab  2.4040. 34 ab
M, 37.9840.80 a 5.2840.11 a 16.844-0.99 a 2.6040.16 a
T A B (D) 10. 635" 50, 437" 48,419 10. 109
F A7 (VD 4.756" 5.778" 7.2617 4.763"
TGV BC S« R 0.195 0. 430 0.101 0.223

F7 (DX M)
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Table 6 Correlation analysis of dry matter accumulation characteristics and yield factors of sugar beet
Ei=E 7
Index L4 At GT T/R APDM UPDM RW SC Y SY
L4 1. 000
AT 0.771" 1. 000
GT 0.941™ 0.711 1. 000
T/R 0.889"  0.581 0.819" 1. 000
APDM 0.904™ 0. 684 0.967" 0.730" 1. 000
UPDM 0.959™ 0.696 0.976™ 0.884™ 0.965" 1. 000
RW 0.971™ 0.891™ 0.911™ 0.814" 0.885™ 0.919" 1. 000
SC 0.735" 0.262 0.61 0.903™ 0.502 0. 687 0. 588 1. 000
Y 0.970™ 0.893" 0.907™ 0.813" 0.882" 0.916™ 1.000™ 0. 588 1. 000
SY 0.985" 0.860" 0.915" 0.855" 0.880" 0.931" 0.996" 0. 655 0.996"™ 1.000

L LA {8 U AR T/RARGE LG APDM Mt E 89 B A 32 4 s UPDML b 389 BB R 4 RWL BRI Y, 7™ 4 SCL 3 R SY L, W Bl &

Note: L4, the leaf area of the last- fourth leaf; T/R, root-shoot ratio; APDM, above ground part of population dry matter accumulation;

UPDM, underground part of population dry matter accumulation; RW, root weight; Y, yield; SC, sugar content; SY ., sugar yield.

GT 5 APDM, UPDM #j 2 # & 3% 1E M X (P <
0.01), 5 M PR AE K22 E] (A FI T/R 2 12
FIEAMXK(P<0.05), T/R 5 APDM & & 3 1F #
K (P<<0.05), 5 UPDM £ i & 3 IF M % (P<<
0.01), TERMTSE/ A K &K A, AR (RW) 57~
YY) PR (SY) ¥R AR B 3 IE A 6 (P<<0. 01D,
&R (SO 2 1 F IEA X (P<C0.05) . EFIT R AH
PR AR R AR AR S RIS 7 A B R ] LA A,
GT.APDM . UPDM 5 RW.Y .SY ¥ 52 5 % iF 4H
K (P<<0.01),T/R 5 SC.SY # & # i % 1F M %
(P<<0.0D), 5 RW.Y ¥ 1 2 IEAH X (P<<0. 05),

3

YEY) 7 S IE B 9 o AR R o 7R 2 DI AH OC
— T AR B R, e MR R
SR T R B s S AR s AR Y T R
U BRI AR M ZE N . TEWAR R &Mk
FIEFEA FK S B E B AR T L AN R B AR B 1 e
XPVEPIAR Z 0 AR A M b 3 AR K K™ R T Y 5 )
R, BERE S0 8K B 4 S B g B A
ALK, Mo B R B R R R R TR
TAR R AR K S5 AR K AR R R KR T A
17 368 AW 7= A L 7, FLRB I /> - 8K ) 2%

KB T B v TR 2 K A3 B R RCR S EAR
AIF5E H o U Ak B 5 TG 8, B D T A B AH LE RE A
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