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T . DU S0 6 SRETIE 10 5O R, B E AR (VD RS R (CKO2 AN b B, 43 4l I Lok 135 7
SN R 0y I AR KR A R R RE T B, DU SRS IR I AR R S . 5 IR RT3 A
PR RS 60~150 d, M ALFR ) 1138 pH ¥ 8 2 TR CK, @M 5 180 d, 513 6 5 M AEE (1) 1 4% pH B35 5
T CK 53 AN Bl 7 52 15 5 ) MARER ) -3 HILAR L 450 BRAR A0 S A 20 s S B i S B B 5 T
FARL CK.o SERESE 120 d, BIHEFE M ACTE 14 i AU AR 350 235 5 T CKG e M 90 d, 503 6 55 MAL BRI A
TR O R R E T CKG ERE 60 d, SREE 10 5 M ACEE IR R H LS B T CK. %
YE 6 STEEM G 60 d 5EIREFAEME 90 d, M AFE e G185 SAL TR B CO, iR BE AN ZE I d e 3y v T
AR CKo 53 6 5 RIS 505 10 5 M AAF =5 CK 73 32 PR 109.58%+65.28%-42.84%. 45 I, 7
P 63 JE T 5y S O F - 875 0, SR IRL R 2R, (R AR M AR KRG & B8 T, S #7722 — DU AR
HA B T A i R B

SRR VERE AR R AN TR R

FE 5 ES:S645.1 HRFRARRD : A NEHRS:1673-2871(2026)04-210-08

Effects of subsurface geomembrane mulching on soil nutrient, photosyn-

thetic characterstics and yield of lotus rhizome

WANG Hongyan', OU Yangxiu®, SU Qun', WU Yinhuan®’, GAO Meiping®, JIANG Huiping®

(1. Flower Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, Guangxi, China; 2. Vegetable Research In-
stitute, Guangxi Academy of Agricultural Sciences, Nanning 530007, Guangxi, China)

Abstract: Taking three cultivars of Nelumbo nucifera, Qintang lotus, Elian No. 6 and Elian No. 10 as materials, two ex-
perimental treatments were set: Subsurface geomembrane mulch (M) and no subsurface geomembrane mulch (CK). Ef-
fects of subsurface geomembrane mulching on soil nutrient dynamics, growth and photosynthetic parameters of lotus
leaves, yield of rhizome were analyzed, in order to provide references for high-quality and high-efficiency cultivation of
lotus. The results showed that during 60-150 days after transplanting (DAT), soil pH under M treatment was significantly
higher than that under the corresponding CK for all three cultivars. At 180 DAT, soil pH of Elian No. 6 under M treatment
was significantly higher than that under CK. The content of soil organic matter, total nitrogen, alkali hydrolyzed nitrogen,
total phosphorus, available phosphorus, total potassium and available potassium under M treatment were significantly
higher than those under the corresponding CK at each sampling date for all three cultivars. At 120 DAT, petiole height and
petiole thickness of Qintang lotus under M treatment were significantly higher than those under the corresponding CK. At
90 DAT, petiole height, leaf long radius and leaf short radius of Elian No. 6 under M treatment were significantly higher
than those under the corresponding CK. At 60 DAT, petiole height and petiole thickness of Elian No. 10 under M treat-
ment were significantly higher than those under the corresponding CK. At 60 DAT of Elian No. 6 and 90 DAT of Qintang
lotus, the net photosynthetic rate, stomatal conductance, intercellular CO, concentration, and transpiration rate under M
treatment were higher than those under the corresponding CK. Compared with CK, the rhizome yield under M treatment
increased by 109.58% of Elian No. 6, 65.28% of Qintang lotus, and 42.84% of Elian No. 10, respectively. In conclusion,

subsurface geomenbrane mulching cultivation pattern of lotus can maintain soil nutrients, improve fertilizer use efficien-
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cy, promote leaf growth and photosynthetic capacity, and increase rhizome yield. It is a labor-saving and efficient cultiva-

tion technique worthy of popularization.

Key words: Lotus rhizome; Subsurface geomenbrane mulch; Soil nutrient; Photosynthetic characteristics; Yield
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Table 1 Sampling date and growth stage

S LI I (1] e
- IR AEKEB
Time after .
. Sampling date  Growth stage
transplanting/d
60 6 /118 H Sz 4
June 18th Leaf standing stage
90 7H 18 H FERE I T
July 18th Rhizome early-swelling stage
120 8117 H HEFEI K )
August 17th Rhizome mid-swelling stage
150 9716 H fe= ) SN
September 16th Rhizome late-swelling stage
180 10316 0 SRR

October 16th  Rhizome maturity and harvesting stage
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Table 2 Effects of subsurface geomembrane mulching on pH and organic matter content of soil

wCEHLITD
"ffi}f f'::jﬂ Kb T pH Organic matter content/(mg-g™)

vansplantingd ANt G Wik 6 WEI05  REE ik 6 5 A 10 5
Qintang lotus Elian No. 6 Elian No. 10 Qintang lotus Elian No. 6 Elian No. 10
60 M 6.68+0.03 a 6.47+0.02 a 6.34+0.02 a 10.00+£0.02 a 7.89+0.03 a 7.84+0.01 a
CK 5.84+0.01 b 6.28+0.02 b 6.25+0.01 b 8.43+0.05 b 6.30+0.03 b 7.54+0.07 b
90 M 6.42+0.01 a 6.41+0.02 a 6.12+0.02 a 5.32+0.04 a 5.90+0.02 a 7.32+0.03 a
CK 6.34+0.01 b 6.33+0.01 b 5.82+0.01 b 4.68+0.08 b 5.73+0.01 b 5.05£0.12 b
120 M 6.67+0.02 a 6.65+0.02 a 6.74+0.03 a 8.07+0.04 a 8.68+0.04 a 11.50+0.71 a
CK 6.47+0.08 b 6.55+0.02 b 6.51£0.01b 6.06+0.03 b 6.07£0.06 b 8.40+0.08 b
150 M 6.79+0.02 a 6.66+0.03 a 6.56+0.02 a 8.824+0.09 a 8.73+0.07 a 9.93+0.01 a
CK 6.42+£0.02 b 6.52+0.02 b 6.50£0.01 b 7.50£0.22 b 7.30£0.01 b 9.56+0.01 b
180 M 6.43+0.01 a 6.53+0.02 a 6.44+0.01 a 8.73+0.05 a 9.49+0.14 a 9.36+0.23 a
CK 6.42+£0.01 a 6.40£0.01 b 6.43£0.01 a 7.95+0.06 b 8.74+£0.10 b 7.44+0.15b

T - F A 5 AN FNS PR E I WA FE AR R 0.05 KPR R . R

Note: Different small letters in the same column indicate significant difference among different treatments at same stage at 0.05 level. The same

below.
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x3 HREMNTERERIEMEMBRI BN
Table 3 Effects of subsurface geomembrane mulching on total nitrogen and alkali hydrolyzed nitrogen content of soil

- . wl %D
ﬁ :I;i [:"flzi‘ﬂ e w( 4% Total nitrogen content/(mg-kg™") Alkali hydrolyzed nitrogen content/(mg-kg")
wansplanting/a ARt MY i 65 £ 105 HLER WiEes W0
Qintang lotus Elian No. 6 Elian No. 10 Qintang lotus Elian No. 6 Elian No. 10
60 M 927.20+6.86 a 922.37+13.44 a 704.78+23.12a  103.41+1.41a 71.70+2.31 a 83.21+0.97 a
CK 785.70+20.22 b 462.43+20.53 b 581.16+16.53 b 59.33+0.45 b 59.07+1.85b 75.53+0.87b
90 M 637.54+17.36 a 670.47+2.96 a 668.0249.11 a 75.91+1.55a 74.37+1.09 a 68.14+0.40 a
CK 410.70+2.10 b 597.18+13.74 b 549.36+5.12 b 49.23+1.59b 55.02+0.86 b 40.33+0.80 b
120 M 889.50+11.11 a 883.68+5.23 a 863.82+9.27 a 82.58+1.06 a 78.98+0.17 a 81.06+0.93 a
CK 613.67+10.79 b 649.73+3.87 b 624.71+8.19 b 55.84+1.10b 47.54+0.59 b 53.63+1.04 b
150 M 836.31+11.70 a 1014.17424.49 a 1086.21+21.60 a 67.99+1.20 a 77.18+1.11 a 101.64+1.59 a
CK 744.23+13.61 b 704.98+3.25 b 700.99+8.71 b 57.83+0.79 b 58.94+1.47b 72.91+2.33 b
180 M 979.14+17.55 a 972.53+15.19 a 1028.24+7.55 a 90.52+1.62 a 89.61+2.31 a 77.97+0.24 a
CK 744.86+13.34 b 779.44+9.52 b 813.1949.26 b 73.58+0.88 b 70.51+1.14 b 69.10+1.34 b

x4 HREMNTREHIENGUHRIENEN

Table 4 Effects of subsurface geomembrane mulching on total phosphorus and available phosphorus content of soil

e S5 ) e w( 4 Total phosphorus content/(mg - kg™") wCf R Available phosphorus content/(mg-kg™")
Timeafer o SRR Wik 6 5 T 10 7 BIEEN W6 W 10
transplanting/d Qintang lotus Elian No. 6 Elian No. 10 Qintang lotus  Elian No. 6 Elian No. 10
60 M 766.37+20.63a  910.40+24.38a  718.19+18.01 a 207.02+7.39a 193.86+2.27 a 195.83+1.67 a
CK 537.00+11.89b  458.40+7.36 b 634.43+1.54 b 163.88+3.80 b  105.83+2.94 b 162.55+1.98 b
90 M 541.63+1.13 a 557.24+13.19a  607.36+11.47 a 135.25+5.58 a  136.66+0.58 a 169.79+4.29 a
CK 472.83+£0.02 b 441.02+1.47b 387.71+6.25b 96.39+2.04b  129.42+2.38 b 108.92+3.94 b
120 M 642.54+1.60 a 582.59+2.03 a 601.34+4.00 a 37.12+0.18a  34.32+0.18 a 35.63+0.17 a
CK 543.98+0.87 b 535.67+3.73 b 509.00+2.78 b 33.23+0.25b  31.77£0.22 b 30.43+0.08 b
150 M 610.06+3.52 a 550.34+3.01 a 550.39+1.24 a 37.14+0.17a  32.59+0.26 a 33.40+0.20 a
CK 527.36+1.54 b 515.46+3.20 b 505.36+2.82 b 32.46+0.20b  31.46+0.15b 29.37+0.12 b
180 M 572.2142.72 a 529.57+3.16 a 536.94+3.83 a 33.76+0.11a  31.62+0.12 a 32.23+0.07 a
CK 454.11+£1.96 b 496.77+3.62 b 506.52+1.41b 27.07+0.22b  30.10+£0.21 b 30.41+0.19b
x5 HEREMNTESHISEMNELH SN
Table 5 Effects of subsurface geomembrane mulching on total potassium and available potassium content of soil
M5 I ) m w( 44 Total potassium content/(mg-g") wHALE) Available potassium content/(mg-kg™)
Time after Trentmont  FEVEET Wi 6 WE05  FHEH oW 6 ik 105
transplanting/d Qintang lotus Elian No. 6 Elian No. 10 Qintang lotus Elian No. 6 Elian No. 10
60 M 14.99+0.21 a 22.06+0.39 a 23.16+0.05 a 179.90+4.14 a 173.86+3.07 a 171.73+4.01 a
CK 12.31+0.16 b 17.54+0.05 b 18.09+0.42 b 125.67+£3.26 b 125.99+2.15 b 112.72+0.29 b
90 M 17.57+0.15 a 18.69+0.56 a 15.01+0.06 a 181.98+3.22 a 182.61+0.60 a 175.51x1.30 a
CK 13.05+0.24 b 14.83+0.38 b 13.10+0.02 b 119.58+4.42 b 149.51+0.44 b 117.61£2.57 b
120 M 26.42+0.17 a 35.19+022 a 27.57+0.18 a 286.72+2.52 a 288.86+7.28 a 227.26£6.50 a
CK 20.76+0.10 b 20.57+0.06 b 14.26+0.07 b 168.18+3.11 b 169.60+0.67 b 119.35¢4.13 b
150 M 27.88+0.15 a 21.77+0.11 a 29.27+0.11 a 230.27+4.23 a 180.29+5.23 a 243.51+£3.11a
CK 18.40+0.12 b 11.70+0.04 b 25.26+0.15b 158.62£2.85b 143.19+1.88 b 209.97+2.37 b
180 M 26.53+0.12 a 23.75+0.03 a 24.16+0.14 a 220.23+2.83 a 193.89+5.96 a 195.75£5.72 a
CK 20.70+0.15 b 17.12+0.09 b 18.93+0.07 b 163.82+£2.52 b 140.38+3.05 b 154.9849.77 b

RS L o = W 4 1 = N 1 BT 0 @ A o BT S
SEHEEES TN CK, i BRI 20%LL F,
UL M ACHEA R TR IR 0

2.2 $HRERXZKIELIEAIFME
HIZ& 6 AT A, 3 A b R R S 15 25 I TR) M AR
(R 7K B I 5 AR B CK A B350 6 35 22 5, 15t P
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M Kb B 6F K AN 3R AR R A N Y9 e AR I R AR AT AR AR 5 CK
23 HRRIERM A KIS BITC R 7 5 8T 90 d, M AL ZE (¥ 4 v S 3

FHER 7 vl 4, BEEFE/E M 5 60 d, M AbBE =T CK; B G 120 d, M AL FE fr) 49 i A0 A HH
=6 HIEREN KRNI

Table 6 Effects of subsurface geomembrane mulching on water temperature and soil temperature

SE A Ji5 ISt Ta) psm /K Water temperature/°C +if Soil temperature/°C
Timeafter - R Wik 6 HE 10 % ST Wik 6 Y 10
transplanting/d Qintang lotus Elian No. 6 Elian No. 10 Qintang lotus Elian No. 6 Elian No. 10
60 M 29.72+0.43 a 28.96+0.02 a 28.80+£0.29 a 27.90+£0.18 a 27.42+0.04 a 27.64+0.02 a
CK 30.02£0.47 a 29.84+0.19 a 29.20+£0.29 a 27.80+0.08 a 27.50+£0.03 a 27.70+0.08 a
90 M 28.24+0.02 a 28.42+0.13 a 28.64+0.21 a 28.14+0.10 a 28.50+0.11 a 28.30+0.07 a
CK 28.28+0.04 a 28.34+0.31a 28.98+0.17 a 28.34+0.05 a 28.72+0.06 a 28.44+0.14 a
120 M 28.44+0.12 a 29.04+0.02 a 29.14+0.14 a 28.28+0.09 a 29.04+0.09 a 29.08+0.07 a
CK 28.54+0.04 a 29.08+0.14 a 29.06+0.22 a 28.50+0.08 a 29.12+0.07 a 28.84+0.10 a
150 M 23.14+£0.07 a 23.06+0.05 a 23.12+0.05 a 26.56+0.09 a 27.00+0.09 a 27.66+£0.13 a
CK 23.10+0.09 a 23.12+0.15a 23.08+0.07 a 26.64+0.24 a 27.28+0.11 a 27.38+0.23 a
180 M 26.30+0.06 a 26.82+0.02 a 26.84+0.09 a 27.02+0.05 a 27.66+0.07 a 27.40+0.06 a
CK 26.04+0.02 a 26.58+0.07 a 26.58+0.04 a 26.98+0.07 a 27.40+0.06 a 27.46+0.06 a
®7 KRR EEEEM R E KM
Table 7 Effects of subsurface geomembrane mulching on leaf growth of Qintang lotus
SE ML I (] 4k A A LIRS e MR AR
Time after transplanting/d Treatment  Petiole height/cm  Petiole thickness/mm Leaf length radius/cm Leaf short radius/cm
60 M 86.35+4.77 a 13.0740.39 a 31.00£0.70 a 21.70+£0.86 a
CK 85.20+2.79 a 12.45+0.62 a 28.62+1.01 a 21.60+0.55 a
90 M 140.30+4.68 a 15.9740.45 a 36.02+£1.00 a 29.85+1.80 a
CK 124.90+£5.66 b 15.49+0.68 a 35.88+0.75a 29.60+1.19 a
120 M 155.00+4.01 a 15.33£0.50 a 33.70+£0.76 a 26.00£0.73 a
CK 132.00+4.83 b 14.02£0.29 b 31.75£0.74 a 25.651.12a

Ji 120 d, M AL AR 2 T CK
HHR 9 w50, 503%E 10 S7EEM 5 60 d, M 4bH

2EET CK.

HHZE 8 nlHN, 503 6 SEE MG 60 d, M &b 3
AR REL S 38 = T CKG B A G 90 d, MARERIHAR AW v A AR A 3 2 3% = T CKGsEHE S 90 d
A RCE R AR RS B E ST CK S 120 d, MR R H A KRR R A 2R M

#= 8 HREXTSRE 6 SMHAEKHIFM

Table 8 Effects of subsurface geomembrane mulching on leaf growth of Elian No. 6

SE ML I I (1) b7 A A R U SES
Time after transplanting/d Treatment  Petiole height/cm Petiole thickness/mm Leaf length radius/cm Leaf short radius/cm
60 M 106.10+£5.05 a 14.15£0.32 a 32.50+0.67 a 24.30+0.52 a
CK 105.20+£3.82 a 12.98+0.34 b 29.651.45 a 22.60+1.57 a
90 M 131.50+£2.62 a 15.43+0.54 a 37.40+0.91 a 29.67+1.07 a
CK 119.90+4.33 b 14.49+0.37 a 33.82+0.49 b 26.70+0.78 b
120 M 137.00+£3.98 a 14.05+£0.40 a 33.80+0.80 a 25.90+0.88 a
CK 115.80+3.51 b 13.04+£0.37 a 31.90+1.10 a 24.50+1.04 a
WFE CK ¥R ER . (b Gl 2 SAL T IR COL IR 75 I i %
2.4 SHREEXERM RS SR B mET CK.

FHER 10 50, BIERE R EAE )5 60 d #1120 d,
M KEFE A TR R VRS A COL IR T V78
PR E CK ¥R EZR; 5 90 d,M 4
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%29 SHIEBENTERE 10 S A EK SN

Table 9 Effects of subsurface geomembrane mulching on leaf growth of Elian No. 10

SE R BT ] W L WK Iy
Time after transplanting/d Treatment Petiole height/cm Petiole thickness/mm Leaf length radius/cm Leaf short radius/cm
60 M 97.20+3.96 a 13.97+0.67 a 34.50+0.89 a 23.00+0.98 a
CK 77.20+4.79 b 12.21+0.45 b 32.25+1.07 a 22.65+£0.63 a
90 M 125.00+4.90 a 15.69+0.41 a 39.09+0.74 a 30.79+0.75 a
CK 124.30+3.83 a 15.67+£0.52 a 36.73+0.91 a 27.28+1.19 a
120 M 116.70+4.04 a 14.06+0.62 a 34.90+1.31a 26.90+1.68 a
CK 112.60+£2.75 a 13.57£0.39 a 32.70+£0.54 a 26.90£1.22 a
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Table 10 Effects of subsurface geomembrane mulching on leaf photosynthetic parameters of Qintang lotus

SE LI IR (1] e P LS AL IE) CO. e VU
Time after Treatment Net photosynthetic rate/ Stomatal conductivity/ Intercellular CO,concentration/  Transpiration rate/
transplanting/d (pmol-m?-s™) (mol-m?-s™) (pmol - mol™) (mmol-m*-s")
60 M 21.52+0.61 a 0.57+0.05 a 291.39+£5.01 a 4.93+0.21 a
CK 21.03£1.05a 0.46+0.05 a 289.82+4.78 a 4.40+0.31 a
90 M 24.94+0.52 a 0.44+0.04 a 281.49+£533 a 5.15£0.24 a
CK 22.51+0.55 b 0.33£0.02 b 263.83£5.27b 4.37+0.17 b
120 M 22.22+1.09 a 0.17£0.01 a 150.64+1.01 a 1.53+0.07 a
CK 20.58+0.87 a 0.12+£0.02 a 149.80+1.98 a 1.05+0.37 a
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Table 11 Effects of subsurface geomembrane mulching on leaf photosynthetic parameters of Elian No. 6

SE ML I (8] e D e LS SALRE Jaia) CO, e EE 7R
Time after Treatment Net photosynthetic Stomatal conductivity/ Intercellular CO, Transpiration rate/
transplanting/d rate/(pmol-m?-s") (mol-m?-s™) concentration/(umol - mol™) (mmol-m?-s")
60 M 24.72+1.03 a 0.61£0.06 a 320.26+7.77 a 5.24+0.29 a
CK 20.02+1.31b 0.39+0.05 b 279.39+6.08 b 4.05+0.36 b
90 M 22.68+0.64 a 0.36+0.04 a 268.69+7.77 a 4.48+0.25a
CK 22.44+0.59 a 0.35+0.03 a 265.89+7.54 a 4394034 a
120 M 20.11+0.97 a 0.14+0.01 a 146.99+2.87 a 1.52+0.11 a
CK 18.02+0.75 a 0.11£0.02 a 133.13+10.10 a 1.32+0.17 a
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Table 12  Effects of subsurface geomembrane mulching on leaf photosynthetic parameters of Elian No. 10

5 e J (1] oL e AL JiLiE) CO, Mk JE U
. oSzl . . . .
Time after Net photosynthetic Stomatal conductivity/ Intercellular CO,concentration/ Transpiration rate/
. Treatment 2 . 2 E 2.l
transplanting/d rate/(pmol -m?-s™) (mol-m?-s™) (pmol - mol™ (mmol-m?-s™)
60 M 21.24+1.06 a 0.69+0.08 a 314.49+£2.76 a 547+0.31a
CK 20.92+0.34 a 0.55+0.04 a 306.02+2.83 a 4.88+0.18 a
90 M 23.43£1.10a 0.37+£0.03 a 271.86+7.46 a 4.4440.26 a
CK 23.13+0.72 a 0.36+0.03 a 269.96+6.97 a 431+0.24 a
120 M 21.47+0.76 a 0.08+0.04 a 151.72+1.32 a 0.94+0.16 a
CK 19.22+0.65 a 0.06+0.02 a 150.88+2.47 a 0.72+£0.07 a
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Table 13 Effects of subsurface geomembrane mulching on yield indexes of lotus rhizome

LY At B i TR ) R FER

Cultivar Treatment Main rhizome mass/kg Main rhizome internode mass/kg Yield/(kg-hm™®)
B M 1.2840.14 a 0.30+0.01 a 18 707.75+0.56 a
Qintang lotus CK 1.26+0.10 a 0.22+0.02 a 11 318.68+0.65 b
W 6 = M 1.7240.07 a 0.32+0.02 a 28 667.97+1.19 a
Elian No. 6 CK 1.46+0.10 a 0.18+0.02 b 13 678.47+0.76 b
WS 10 = M 1.64+0.20 a 0.24+0.02 a 16 063.79+1.60 a
Elian No. 10 CK 1.30+0.16 a 0.20+0.01 a 11 245.65+2.04 b

T = [ A Ja AN )N S PR ROR ] — S AN AR BEAE 0.05 KF 25 R 3% .

Note: Different small letters in the same column indicate significant difference among different treatments at same cultivars at 0.05 level.
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