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Abstract: Potato is the fourth largest food crop in the world, but little research has been done on this crop about rice
husk mulching and copper (Cu). Rice husk is a by-product of rice processing and has great potential to reduce environ-
mental pollution. Plastic film mulching gives us a non-negligible problem of environmental pollution, and even crop
yields will be affected. Compared with black film, it has the advantages of wide source, lower cost and no need for re-
cycling, which can basically be used locally. Previous studies have shown that the photosynthetic pigment content,
photosynthetic rate, nutrient content, plant height, stem thickness, tuber number, above ground dry weight and yield of
potato plants were enhanced by both Cu solution dip treatment and foliar spray of Cu. In this experiment, the accumula-
tion and distribution of Cu in potato plants under different mulching patterns were investigated by using potato “Fa-
vorita” as the material and three mulching patterns: bare ground (CK), rice husk (6 000 kg/hm®) mulching (DK) and
black film mulching (HM) for winter cultivation in the field. The results showed that the accumulation of Cu in stems
and leaves showed a trend of increasing and then decreasing under different mulching patterns, while the accumulation
in tubers and whole plants showed a trend of gradually increasing. The accumulation of Cu in stems and leaves ranged
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from 13.45%~17.70% and 82.30%~86.55% of the whole plant 10 d after full seedling emergence to 2.99%~3.53% and
8.40%~10.56% 58 d after full seedling emergence, respectively. The accumulation of tubers increased from
26.76%~29.60% 22 d after full seedling emergence to 85.91%~88.68% 58 d after full seedling emergence. The Cu ac-
cumulation of plants under DK treatment was generally higher than that of LD and HM treatments in the whole growth
period. The Cu accumulation of plants under DK treatment was 38.01%, 80.92%, 40.24%, 72.45% more than that of CK
treatment in stem, leaf, tuber and whole plant respectively, and 92.21%, 47.22%, 48.12%, 45.16% higher than than
that of the HM treatment, respectively. The accumulation of Cu in potato plants 10 d after full seedling emergence was
positively correlated with the accumulation of Cu at the later stage, and the accumulation of Cu in stems and leaves was
also positively correlated with the yield until 58 d after full seedling emergence. The difference in accumulation by site
is due to the fact that in the early growth period, when potato plant is still in the seedling stage, stems and leaves are the
sites of Cu accumulation. As the plant grows, tubers are gradually formed. About 31 days after full seedling emergence,
the growth of stems and leaves gradually slow down, while the tubers are in the growth phase. At this time, the accu-
mulation center shifts to the tuber, from stems and leaves, which shows that the accumulation of stem and leaves gradu-
ally decreases, while the accumulation of tuber continues to increase. The reasons for the higher accumulation of DK
than CK and HM may be as follows. First, rice husk, on the other hand, can not only act as a thermal insulation layer to
isolate strong external heat, but also improve soil water storage efficiency, increase soil water content, and have sig-
nificant effects in reducing soil temperature. Second, rice husk can increase soil organic carbon content after being de-
graded as exogenous organic matter, and the study found that the soil available Cu content was significantly and posi-
tively correlated with soil organic carbon content. The experiment showed that under the test conditions, the accumula-
tion of Cu by potato plants could be effectively increased under rice husk mulching at 6000 kg/hm® level.

Keywords: rice husk; winter potato; copper; accumulation; mulching
DOI: 10.3969/j.issn.1000-2561.2023.07.015
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9 FH At 2 28 2 FR 3% 2 3 e ( Favorita ),
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JBE, FEA N TR sk e A AR ST, HoR &R
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I T 20202021 4FA4E] RELTH R
TR AT T TR AT 64T, HB PR E 22°14'6"N
112°19'50"E, J&m WG 2= XA . 58 KA
+, HIHEVEYCAKRE . O, pH 5.3,
TP 17.11 g/ke., WA 62.7 mgke. A%
79.0 mg/kg . HRH 61.5 meg/kg . H R 96.36 png/kg.
1.2 FHik
1.2.1 K&+ KEEESs (CK). M
(6000 kg/hm* ) %35 (DK ), ME# % (HM) 3
PR S, oA X R, AR E—E

AR KR S ZERWT “T FIEFE, L
XS, BB ER 3R, BFIRERE S 3 2,
AR 39 m®, HIZKSN 10 mx1.3 m, Hp
] 28 A ;=28 , HA W28 0 RFEZE . R ZEFIAE 90
ko F 2020 4F 11 H 14 HIEFh, RA “—3fp
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Cu ZME & (ug/tk) =Cu ZWE (mg/kg) x
HpRTE (g)

Cu Z/ M R=H00 Cu ZFHER (pg/bk) /14
Pk Cu ZFLEFE (pg/fk) x100%

T fief T Cu RN FF K (mg/t) =24k Cu
EHEE (mg) & (t)

2 ZBRERW
21 BEEXAMNSREZCUZRREENEIN
A 1A, 3 R SN I A R Cu
R EBEAMLILHAE 9.55~29.53 pg/kk =z [a] . #4540
i Cu ZR B EIAFTHE 46 d Z2 4 MG,
IERT Cu ZR B & /DB KKy 19.53, 22.17,
29.53 ng/kk, BfJE TRE, Hr, CK f1 DK 4b#
Cu R B 7 18 2 0 (A A 2 W =, 1 HM Ab 2
P B WEE T LRI S B, 7R TRl — R AE A
Wiy, DK AbF 448828 cu Z B HGAE T
CK #l HM 43, H7EFFH 5 10 d F1 22 d BHA
FEE S (P<0.05), DK AP & b CK A3
38.01%( )R 22.d), b HM A FHE 92.21%( 5%
H)5 34d) HM LB R Cu ZER B R7EF G 10d
122 dE T CK A, HAEEMLT CK b,
HZH Cu ZHERERHEAAEE,
22 BEEANSHREHNH CuEREEMNFMN
H 2 nPAn, 3 P T I S Cu
ZHE R L B 45.30~176.21 pg/kkZ 4], %%
PR Cu KRB EMEEK AT RY RS



1448 o AE A F AR

%44

40

[CK NDK EHM

ZCuEBER
Stem Cu accumulation/(ug-plant™)

FrHR R
Days after full seedling emergence
ARG FhE RN AL #R) 22 5 2 (P<0.05 ),
Different lowercase letters indicate significant difference among
treatments (P<0.05).

B1 ARBEEATIREZ CuRRRE
Fig. 1 Accumulation of Cu in potato stem under different
mulching patterns
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Days after full seedling emergence

ANRl/INE P 3R b PR E] 22 5 2% (P<0.05 ),
Different lowercase letters indicate significant difference among
treatments (P<0.05).

B2 AREBZEXTIREMH CuRRRE
Fig. 2 Accumulation of Cu in potato leaf under different
mulching patterns
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difik 2R, 7E 34 d fl 58 d BHIE T CK A4b3
AREEELES,

23 BEEAXNSHEHRZE Cu ZEREEN
=

HIE 3 Al 3 ARBI SRR T A R =

Cu ZH B RAITEEITE 49.90~587.18 pg/tk. %
W Cu RERMEE KA T IHFBEE
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396.43, 418.70. 587.18 pg/tk. TEFHIE 22 d.
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ANRINE bR R Ab Bl R 25 5 35 (P<0.05 ),
Different lowercase letters indicate significant difference among
treatments (P<0.05).

3 TEBEZEATIRERZ CuRMREE
Fig. 3 Accumulation of Cu in potato tuber under different
mulching patterns
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IR NE RN AL PR 22 5 . 3E (P<0.05 ),

Different lowercase letters indicate significant difference among
treatments (P<0.05).

B4 TEEBESZEXTEREIZM CURMRE
Fig. 4 Accumulation of Cu in potato stem and leaf under
different mulching patterns

XM Cu RRER
Stem and leaf Cu accumulation/(ug-plant™)
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ANRl/INE 3R Ab PR E] 25 5 2 (P<0.05 ),
Different lowercase letters indicate significant difference among
treatments (P<0.05).

5 FTEBERXATERELEK CURRER
Fig. 5 Accumulation of Cu in whole plant of potato under
different mulching patterns
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FEAY A 2.99%~3.53%F11 8.40%~10.56%, 1 He 2L %t
Cu ZME&ESHMNFEE 22 d BT 26.76%~
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Fig. 6 Distribution of Cu in potato under different
mulching patterns
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Tab. 1 Fitting equations for Cu accumulation in po-
tato under different mulching patterns

Wk W IR R
Treatment  Part Fitting equation

CK 22 y=—0.0268x’+3.6429%-34.79 0.9974
g y=0.0268x*-3.6429x+134.79 0.9974

DK EE y=—0.0159x*+2.9286%-27.631 0.9999
g y=0.0159%-2.9286x+127.63 0.9999

HM =t y=-0.0204x*+3.2335x-31.565 0.9972
Hezx y=0.0204x*-3.2335x+131.56 0.9972
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2.7 == 1000kg %t CuRMIRNWIRRE

H 3% 2 AP, AR # A= Cu 3= 1000 kg ™
HHRELRWIN R EL DK RS, A
1327.20 mg, CK Zb¥Z, 4 1270.35 mg, HM
hER /N, M 997.47 mg, = HBIERARE,
Bz e BL 2 1198.34 mg.,
R2 AEAEBEZ=HEATTE 1000kg ¥t CuEHREE

Tab. 2 Accumulation of Cu for the 1000 kg yield under
different mulching patterns

Qb PR Treatment FHEH Accumulation/mg

CK 1270.35+86.59*

DK 1327.20+103.50°

HM 997.47+88.73"
SEHA{E 1198.34

T MR/NG T BERIR 28 5 Rk R FKF (P>0.05),
Note: Same lowercase letters indicate no significant difference
(P>0.05).

28 CuZEMREEMF==HXHWH

M 3 AIAD, DA AR RRZE A Cu HFLER
HHRAEFEE 10, 22, 34, 46 d B FEAHX,
HrhZE cu RRE RS EASSHG 22 d Bk
28 F K, HIRLRE R B E KT,
%3 AEREBMIGLE CuZREENTENELSH

Tab. 3 Correlation analysis of Cu accumulation and yield
at different periods and parts

I BVERE R A
Days after full Linear correlation coefficient (r)

seedling emergence 2 Stem I Leaf
10 0.618 0.658
22 0.708" 0.601
34 0.136 0.294
46 0.461 0.541
58 -0.214 -0.186

T FR BEARL (P<0.05), "R F A (P<0.01),
Note: " indicates significant correlation (P<0.05), " indicates
extremely significant correlation (P<0.01).

M 4 AT, DA ERIARZE A E ST I A 10
dif) Cu R BERESKHMAEHIAE Cu RHEE
BIEMG, Hi, Z55%HE 22d R RER
W i 3 EA G, M 5575 22 d AT 46 d BF LR
AR IR AR

3 iTig

AR, AEESRT SR EE 2L
BHIXT Cu R Ria IR —5, Tk
R ER L LRK, SRR KA Cu ZH

F4 FHE10d EAEIML CuRMEES BB
[l Cu ZRREMX A

Tab. 4 Correlation analysis between Cu accumulation in
different parts 10 d after full seedling emergence and Cu
accumulation at later periods of each part

o FH A REL

AL Days after full seedling emergence
Fart 22 34 46 58
ES 0.798" 0.514 0.666 0.324
nt 0.689" 0.327 0.746" 0.486

FE: RN BEMIE (P<0.05), "HRIARM R F A (P<0.01),
Note: " indicates significant correlation (P<0.05), ™ indicates
extremely significant correlation (P<0.01).

R A R IR BTG AR . IR IR B
#5 SORATTO %5020t T 4 1 i1 b5 2 45 XU 450 ot
ERBFR AR IEA 2

AR AR R B 25 SOt TR AR E W
W, SAEMREL TR, ZEMHE Cu RN
AT, WA LTINS HEE, P58
W, FEFF I 22 d ZEAT I, DhE8 B iR A r
¥ Cu RIWRZR, IS . ek
AbFARKREBRH B . ik B AR [ AT, A
FH R Y 31 d AN AE KBTS, R AR
THIK W, TR TG R, RN K
MR R T R, R R YRS .

AARFEESZHEAT SR EELEFTHX Cu
R IBAFAEE S, R A DK>CK., HM, %2
SIESTH G 34 d ZEIEAS R W E K, M CK
I HM Zb3F (R B 22 o oA . LR A
AT

— AR KA Z BRI Y
M T T s R DY, REse
ALAT DA A B Z B4 Ao R py P, 1 FLAE
RE HIKECR, B g K EPT e E
IR T A B RURPY  KAR PG B AT
B N ERIZ RS IREEIN T 6~8 1C, Ml
i DA EMR R THIE S KNI, e
TXF Cu MR, RS R IMEA HLY 9
fife Jei T $E 0 - e AT HLRR S U, WA g & PE 4 e
A5k Cu F i 5 PR PR & R B IE AR,
O T E 8 A Cu R A9 2 RW AR HEH

ANEE ERR Cu Z 1000 kg 77 i D424 bk
W SRR 0 997.47~1327.20 mg, LA DK 4b 3
=, A 1327.20 mg, CK AbHEYR 2, HM A B /N,
AR Z RS R T R A R, 4
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JH /3, P RE SRR DR A ] ) 22 5 3 A o

i AR AT A B, R AR R AE 5T RS

10 d B AR R85 )5 H1H) Cu R R B R IEMK,
£ Cu 3 RBURAEST H R 58 d Z AT [A)™ i
WRIEAS, RUEDHREAERKATH Cu ZAM
S JE W Cu KA BBV B B A HESE A
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