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Accumulation and distribution of nitrogen and phosphorus in soil with
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Abstract: [Objective) This paper studied the accumulation and distribution characteristics of nitrogen
and phosphorus in soil with long-term application of potato starch processing wastewater to provide basis
for scientific return of potato starch processing wastewater to field. [Method] Total nitrogen, total phos-

phorus and total organic carbon contents in potato starch processing wastewater were determined and aver-
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age annual inputs of nitrogen, phosphorus and organic carbon based on amount of wastewater applied in
farmland were calculated. Soil samples from 8-year potato starch processing wastewater farmland (applica-
tion) and non-application farmland (non-application) were collected to analyze vertical profiles of hydro-
lyzed nitrogen,nitrate nitrogen and available phosphorus accumulation,distribution characteristics and lea-
ching risk of nitrogen and phosphorus. [ Result] Nitrogen and phosphorus applied to farmland with
wastewater were up to 2 823 and 708 kg/hm? per year,which were 10. 8 and 4. 1 times of the inputs to non-
application farmland,respectively. The total organic carbon applied to farmland from wastewater was 14. 04
t/hm’ per year,while the control group had no organic carbon input. After long-term application, contents
of hydrolyzed nitrogen, nitrate nitrogen and available phosphorus in 0 — 250 cm soil layer were 48. 9 to
140.0,37.6 to 53. 0 and 0. 8 to 35. 4 mg/kg, which were significantly higher than those of 10. 8 —73. 2,
1.82—7.34 and 0. 2—22. 2 mg/kg in non-application farmlands. The content of hydrolyzed nitrogen de-
creased linearly with the increase of soil depth in both application farmland and control farmland. The ni-
trate nitrogen and available phosphorus contents slowly decreased with the increase of soil depth in applica-
tion farmland, while in control farmland it sharply decreased from surface to the layer of 40 —60 cm and
then decreased slowly. Compared with the 0—20 cm soil layer, contents of hydrolyzed nitrogen,nitrate ni-
trogen and available phosphorus in 200—250 cm soil layer of application farmland decreased by 65. 07 % ,
29.06% and 97. 74% ., while those of the control farmland were decreased by 85. 24%, 75. 20% and
99. 10% ,respectively. [Conclusion) Under the local climatic conditions of Guyuan, Ningixa, the risk of ni-
trogen and phosphorus leaching from farmland was small after long-term application of potato starch pro-
cessing wastewater, but it caused serious waste of water and fertilizers. The application of potato starch
processing wastewater to field should be scientifically determined according to “Regulations for soil testing
and formulated fertilization” to avoid waste of nutrients in wastewater and environmental pollution risks.
Key words: food processing wastewater; waste water return; N and P accumulation and distribution; N

and P leaching;farmland soil
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. Y 5 8 T2 0 o 5 R IR
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Table 1

Annual amounts of total N,P and C in potato starch processing wastewater application

farmland and non-application farmland

Ab ¥ Treatments

4A/(kg+ hm2) TN

£/ (kg » hm—2) TP BA M/ (t + hm—2) TOC

A B Application 2 823
X} M b3 Non-application 262

708 14. 04
172 /

2.2 FHibHRA R+ IEKBRNRRFE
KRR T IE R A K I B AR A R
HRE. HE2 A BB 0~250 cm £ 2+
BOK MR S i 48, 9~140. 0 mg/kg, Xf i ey
10.8~73. 2 mg/kg, if [H Hi e 55 )2 + Pk i /&
SR E S T b e, 5 IR b A L 6
b e 2% 2 K i R B BRI R F R R R

Ik, i F MR AT i K (3 000 m®’ /hm*) 5
B EVEMY N TR K 2 K b B BB K R A R
R T b B 45 2 - R K A R . AR EFSE
w3 FH b R R R b R - 8 K i SR R R 45 T
- 18 v ) A 1 T A R [ L 49 I ) T R R o 2
LM TR, 7 200~250 cm + 2, X 8 HE
Perbok i A & & 2 F FEF 10, 8 mg/kg, B iR A
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85.24 % 5 {H I8 [H My He v K f# & & = A A 48, 9
mg/ kg, FEIE N 65. 07 % , 3 W Th 45 2 5 0y I T 1% K
x2 qél\%lE*ﬁij

LA ZAFEBAE B AZLKE 250 cm £ EVIT,

KIEE BRI Rk T EH KRR E

Table 2 Content of hydrolyzed nitrogen in potato starch processing wastewater application and non-application farmlands

K%/ (mg - kg™ H-N

T R S e
**ﬁ)‘jp%]/cm ifs [ 3t B IORCEILER Appﬁiigf/%ﬁjr{i?piﬁ%nion
Application Non-application
0~20 140.0+£7.4 A 73.2+£3.0B 1.9
40~60 114.0E£4.1 A 58.8+2.6 B 1.9
80~100 101.0+4.1 A 56.0+0.9 B 1.8
100~150 83.6+3.3 A 34.0+2.3 B 2.5
200~250 48.942.7 A 10.84+0.6 B 4.5

T AT AR b A 7 RS 7 5 32 75 S R Ak B 0] 22 57 i 3 (P<<0. 01D, Rl

Note: The different capital letters in a row indicate significant differences among different treatments (P<Z0.01). The same below.

2.3 EHhRFI R T IEESR N RR SN

AR L g T I 2 KT A B AR .
B 223 AT R I B 0~250 em + 2 + S A A
M 37.6~53.0 mg/kg, % M E K 1. 82~7. 34

mg/kg. i 3 e 4% = 4 EAN 25 500 B B 3
Tox B b B (EURE T 0 T b ke ) B A )R LA
N EARREFAL

®3 DREFEMMIEKEBMRMBHR T ENHSERSE

Table 3 Content of nitrate in potato starch processing wastewater application and non-application farmland

e A%/ (mg « kg™!) NO;z -N
KW/ cm - A HH b B/ Xof B
Depth/cm i EE iﬂ% ﬁﬁgi’@ﬁ%' Application/Non-application
Application Non-application
0~20 53.0+3.56 A 7.34+0.23 B 7.2
40~60 40.0+2.94 A 1.964+0.20 B 20.4
80~100 38.6+1.87 A 1.91+0.11 B 20.2
100~150 37.8+2.16 A 1.83%+0.10 B 20.6
200~250 37.6+1.59 A 1.824+0.12 B 20. 6
TR RMER T AL GEHE K B S ED AR 2w T kg A £ E 1T
MEMAMRAR KR, @R 3 ATHLCHPRX I SRS 2R BRI b e b 58 58 Ky in T2 % 7K
e H T RIE TS A T BB R A A AX RS B A R AT IR 2 250 em 12 )2

] % b B - RS A S i A R)Z M 7. 34 mg/kg
] N 28 N R 40~60 em 12 1. 96 mg/kg, 2
G TR, & 200~250 em 2 ARG E N
1.82 mg/kg, # b R 2 & A & & T B 0 B ik 5
75.20%, WHMHR EEMESR S E APERTT
FB T, & 200~250 cm + R AR & B )ik
37.6 mg/kg, tHH £ 2 HHEMH S A & & T AL
7@29 06 %6, T X [ JF 17 F K #5220, WF 5% 1 e G v

WE 2R G0 5 B0 ek BRI R T 51 R A A A I b
VEFIAE /N o % R b B Fe e ML AR R i 3] 3% 2 1Y)

VLR S Bk i A PL A AU L3 E W E R e fb
ﬁ%m'%ﬁ* ) HBHERE I AR S &
GG B A 3 55 3 T M P 45 2 A A AU RN
%%ﬂﬁmhfwﬁb&ﬁwtﬂ~ﬁo
2.4 EHHbRAI R T IEE BN RRSH
A FH b R X R e e F A R [R) 2 09 A 3
BERMENFR 4, RFRA4ATHLEHMI 0~250 cm
T )2 LA WS o 0. 8~35. 4 mg/kg. X} fEHl
Pk 0.2~22. 2 mg/kg, if M e 45 )2 1 564 500k
o AR 2 TR R

R4 DREFEMMIEXKEBMRMNBHR T ENEUHSE

Table 4 Content of available phosphorus in potato starch processing wastewater application and non-application farmland

AR/ (mg « kg™ ') Olsen-P

VR RE / S Hb B /) 1R |
e B3 AR Applcetion/Non applcation
Application Non-application
0~20 35.4+1.77 A 22.24+1.43 B 1.6
40~60 14.540.96 A 1.14+0.09 B 13.2
80~100 3.240.22 A 0.54+0.03 B 6.4
100~150 1.940.08 A 0.3+0.02 B 6.3

200~250 0.

8+0.03 A

0.2+0.01 B 4.0
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— & 1050 m*/hm*, HE5GETT,2016 4F 4 - A
N % AE 59 5t 0 & 4> 9 b 138, 64 A1 49. 81
kg/hm*M T8 FH b B 4% 253 B Jin T 2 K (1 it
) 3 000 m®/hm”, 76 478 8 13 >4 kb 19 7 K 2
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Characteristic and fine-mapping of albino cotyledons (al) mutant
in cucumber (Cucumis sativus L.)

NIU Yugian, LI Zheng

(College of Horticulture s Northwest A& F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective] Physiological and genetic analysis as well as fineemapping of a cucumber albino
cotyledons (al) mutant were conducted to provide reference for elucidating important metabolic or regula-
tory mechanisms affecting chloroplast development. [Method] Two cucumber materials Gyl4 and 9930
with different backgrounds were used as parents to develop two F, populations with heterozygous material
649 carrying a/ mutant gene, respectively. Photosynthetic pigment content and chloroplast structure of
wild-type and a/ mutants in the F, population were analyzed, and polymorphic molecular markers were
screened for mapping. [Result] Phenotypic observation of the al mutant showed that cotyledons were pale
yellow and then gradually changed to albino before slowly withering and dying. The albino mutation was
identified as a fatal mutation. Content of photosynthetic pigment of mutant was significantly lower than
that of wild type,and contents of chlorophyll a and chlorophyll b decreased by more than 90% on average.
The chloroplast structure in mesophyll cells was observed by transmission electron microscopy. Compared
with wild type, chloroplast was hardly observed in cotyledon cells. Genetic analysis of the a/ mutant re-

vealed that albino trait was a quality trait controlled by a pair of recessive nuclear genes. After BSA, ge-
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nome re-sequence,and chromosome walking,the al gene was finally located in a 66 kb interval in cucumber

chromosome 7. [Conclusion) The formation of this cucumber albino mutation was closely related to forma-

tion of chloroplast,resulting in a single gene mutation located in chromosome 7.

Key words: cucumber breeding;albino mutation;photosynthetic pigment;chloroplast;fine mapping
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Table 1

Cucumber gene mapping related primers used in this study
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Forward primer sequence
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Primer name
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Reverse primer sequence

SSR7016 GGTCTTCCTTTTCAAATCATTG
SSR7020 TCTCCGGCAGAAAGAAAAGA
SSR7026 CGAGTGTGGACATTTTAGAGGG
SSR7027 CGGCGCCACTCAGTTAGAT
UW048441 GAGAGGACAGGCAAGTTGTTG
UW048446 TGATTTCCCTCTCAAACGCT
UW048449 AAAATCGGTGGTTTGGAGAA
UW048465 CGAAGCAGAGTACGGTGACA
UW048542 AATTTTGATTGCTATGGCGG
UW048595 ACGTGGAATTTAGCTGACGC
SNP4730918 TGTATGAAGGCAAAGGAGCA
SNP4733568 ATACTTGAACGGACATAGGG

InDel5235596
InDel5029382
InDel5155588
InDel5177313
InDel5044706
InDel5118521

ATTGTGACACCAAGGGATT
CCAGTACAATCAAACTTATAGCAT
GAGACGAGTATTTAATTCCTTCA
TTCAAAGAAATCATCGAATGTT
AAGAGTTTAGTTATGGAGGGTT

AAGGAGTGAATGAGCTGATCATAAA

AAAAATTCCTAAGACGACGATCA
TGCGTCTCCTTCTTCCTCAT
TTGACTTTCCTCATTCTTTTAATGC
AAAACCATTAAATTGGAATGATAAA
CCGTCCTATGTTTGTTCCATC
GGAAGGCAATGGAAATGAGA
TCTTATTCAAATGTGGTTTCGG
TGGATTTTTCTGGGTTTTCG
GGCTTGGGAGTGTGTTTGTT
GAGCCAAAAATGGAGGATGA
CACTGTGCCGAGGTATTAGG
AAATGGGTGATTCGTTGC
ATTTTAAATGGATAGTAAATGATAT
TTATGTCTTTCTTGGTGCTT
AATAACCCAAATACACCAATACCA
CCAACCCCATAACTTGAAATAAC
CCAACCCCATAACTTGAAATAAC
GTCGTTCACGTAGACTTTCG
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Fig. 1 Observation of phenotypes of cucumber a/ mutant and wild type

2.2 ERBAURTEXEERZSENNE (B 2-A), M TE AR, 5 d ik (it P

SRR RIAR I, Gyl4 X 649 F1 9930 X 649 A BN ,al ASKMN G2 a SR T 94. 18% ., 1

F, BBy al 2K AR EES A6, 5 SKEDSTEBEMT 90.44%;9 d W R, al KK

BIXES FNO d WA AE R L al RABGRFIEA TSR MR a FHFEAILT 97,652, MR E b & R FEAK

o RUETIE ., 45 R R W, 0930 X649 F, #EA T, T 92.01% (& 2-B FIE 2-C),
al ZE7R AR ) S S 3R T A 3 IR T A A R

O % 4= & Wild type: O alZ2 28 4k al mutant

¥k

1.60F A e 120 B ki 030r C
ng - - T’:DE i *% l TN)E | sk _L
< S 120} .2 . 2
g g8 0.80f 23 020f
=3 i = o
bl S 080+ o = L i = L
x| e o=
onde % S 0.40 i S 010
g 040f gg gg
. O L
= r
000 — 1 — 000 ’I:I 1 — OOO :I 1 —
5 9 5 9 5 9
Hidt/d Hiik/d i e/d
Seedling age Seedling age Seedling age

x % RORFE — IR BT LT al ALK 25 F AR R % (P<<0.0D, T
* * indicates significant difference between a/ mutant and wild type at same seedling age (P<C0.01). The same below
B 2 AIE T HK 9930 X649 F, fEfAH al RAEKFHOLAEORS 2Nk
Fig. 2 Changes in photosynthetic pigment content in cotyledon of cucumber a/ mutant in 9930 X649 F,

populations at different seedling ages
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Fig.3 Changes in photosynthetic pigment content in cotyledon of cucumber a/ mutant in Gyl4X 649 F,

populations at different seedling ages

A, BB AERIF I CLD. al 7R KF0F 5 EF B AER B G H. ol 2828 E M, F7 SkoR G Al i 2 R 2 4 4
A, B. Wild-type cotyledon;C,D. al mutant cotyledon; E,F. Wild-type true leaf; G, H. a/ mutant true leaf.

Arrows indicate chloroplasts or chloroplast thylakoids
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Fig. 4 Morphology of cucumber wild-type and a/ mutant cotyledons and true leaves
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Table 2 Genetic analysis of cucumber al/ mutants in F, and F, populations

B A e A B B A 0 5 G AR T B RR B LU (A EIEENC 2 P1{H
Population Total plants Ratio of wild type to mutant type plants Expected ratio x Probability value
Fi1(Gyl4X649) 61 61:0 1:0 — —
F1(9930X649) 60 60 : 0 1:0 — -
F, (Gyl14X649) 101 76 25 31 1.42 0.23
F;(9930X649) 90 69 : 21 3:1 0.55 0.46

FIH DR JF A 1 7 458 NG @k B ) SSR
TRt sl Gyld X 649.9930 X 649 [ F, 4> & B
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Fig.5 Fine mapping of cucumber al gene
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