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(ZAZRE BAERELEE, 2588 P JP) 4 F# A AF(0,75.150,225 kg - hm™>, 2 %18  NO N1,N2 N3)
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Effects of intercropping and nitrogen application on physiological characteristics
and quality of potatoes in arid areas of Southern Ningxia

WANG Xiaogang ', CAI Ming', WU Na ', LIU Jili >, MA Zhonghua'
(1. College of Agriculiure, Ningxia University, Yinchuan, Ningxia 750021, China;
2. College of Resources and Environment, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract : This experiment used potato Qingshu 9 and oat Yanke 1 as study materials and took place from May
to October 2019 under field conditions.The treatments included four nitrogen application levels of 0, 75, 150 and
225 kg + hm(NO, N1, N2 and N3) and two planting modes of potato monoculture and potato-oat intercropping
(IP and JP).The activities of CAT and POD, MDA proline and chlorophyll content and quality of potato leaves
were measured. The results showed that under the condition of nitrogen application, the activities of CAT and POD
in potato were significantly higher than those in NO treatment (P<0.05). At maturity, the activities of CAT, POD
and chlorophyll content of JP at N3 level were 14.0% , 22.5% and 19.6% higher than those in NO treatment respec-
tively, and the contents of MDA and proline at N2 level were 2.1% and 56.8% lower than those in NO treatment re-
spectively. From budding stage to tuber expansion stage, the physiological characteristics of JP were better than that

of IP. Intercropping and appropriate nitrogen application rate were beneficial to the formation of potato quality. Com-

pared with NO treatment, N1, N2 and N3 increased amylose content in IP by 15.9%, 23.8% and 12.3%, by
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11.4%, 45.6% and 17.1% in JP, and amylopectin content by 3.2%, 16.7% and 22.8% in 1P, by 27.8% , 64.6%
and 1.1% in JP respectively. There was no significant difference in soluble sugar content among nitrogen application
treatments ( P>0.05). The content of crude protein increased first and then decreased with the increase of nitrogen
application. When the amount of nitrogen application was N2, it was the highest with the increaseof 3.0% in IP and
8.9% in JP respectively compared with NO.The crude protein in JP was significantly higher than that in TP ( P<

) "? showed that the physiological indicators of potato

0.05). From the path analysis, the remaining factor e=(1-R’
had the greatest impact on the formation of amylopectin and the least impact on the crude protein content. The re-
maining factors were 0.750 and 0.401, respectively. Chlorophyll had the greatest direct influence on the formation
of amylose and amylopectin. The direct path coefficients were 0.328 and 0.767 respectively. The content of tuber
amylose, amylopectin and soluble sugar was reflected by the level of chlorophyll. In summary, the potato-oat inter-
cropping compound system optimized the physiological characteristics of potato growth and development, thereby
improving potato quality.The recommended nitrogen application rate in production is 150 kg + hm(N2).

Keywords: potato; intercropping; nitrogen application; physiological characteristics; quality
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Table 1  Physical and chemical properties of topsoil

iy AHLE o) AR AL LR
. = Organic matter Total nitrogen Alkaline nitrogen Available phosphorus Available potassium pH
Soil layer/cm ) I 1 -1 -1
/(g kg) /(g kg) /(mg - kg™) /(mg - kg™) /(mg - kg™)
0~20 8.72 0.79 69.54 15.26 294.61 8.26
20~40 8.06 0.77 62.21 9.86 259.43 8.28
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2.1 EMERMEREN DL E LIRS ERME
2.1.1 SRACEE(CAT) Er 2 afHm, o
Y CAT TEPERE A= 5 B T A 4 i 52 302 7 8 )
IR S FE B 2500 B 38 31 0 e 18, A2 B0 % 301
RACE, B0, SRS RERC(IP) T Y CAT W
FTRE(IP) TP (4 CAT 5 PEZ BN N2>N3>NO>
N1,JP 3} N3>N2>N1>NO, H N2 F1 N3 [i] 2 H
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ILEAZE CAT I M = 1) DTk i 35 K AR X

«min")

Table 2  Effects of intercropping and nitrogen application on CAT activity in potato

e HEEUKF TER TR R
, I E Y YN -
*‘M‘M‘Efﬁ Nitrogen T P YL L AN Starch J R
Planting Lo K i Tuber . i
application  Seedling stage Bud stage Tuber formation . accumulation Maturity
mode expansion .
level period
NO 106.5+23.1b 137.1£29.6a 208.3+22.7b 91.4+20.3b 175.1£14.6a 59.08+5.7¢
P N1 78.9+1.9¢ 139.1%11.1a 159.3+12.8¢c 113.9+9.7a 144.9+18.2b 70.1+1.0b
N2 125.4+7.3a 142.7+1.3a 143.0+15.1¢ 125.8+7.0a 84.7+2.2¢ 68.0+0.3bc
N3 108.4+8.5ab 106.5+4.7b 246.8+1.9a 130.1+11.2a 103.8+0.9¢ 78.9£5.2a
NO 68.0+3.8b 110.2+1.3b 244.2+15.9a 132.8+2.6a 148.5+£20.9a 80.9+7.6b
P N1 78.8+8.2ab 174.6+£16.9a 206.3+34.9b 105.5£10.2b 142.9+5.4a 72.6+8.3ab
N2 92.4+5.5a 120.9+1.9b 195.9+22.7b 102.8+6.6b 104.0+7.8b 111.6£2.9a
N3 92.6+£9.9a 181.5+3.6a 208.3+7.6b 110.2+9.7b 108.7+3.7b 94.1+15.6a
AL Intercropping (1) ® NS NS NS NS # ok
S N3
Hﬁﬂ]kq:(N) % ok * k EIE NS %k * ok
Nitrogen application
FRBBEE < UKF XN NS . " . NS .

L RRIF RN IS TR [ 22 53 B35 (P<0.05) ;NS F/RZRAWE , « |+ * 51K P<0.05 f1 P<0.01 M2 EKF-, TR,

Note: Different letters indicate that there is a significant difference between the levels of nitrogen application (P<0.05) ; NS, the difference is not

significant, * , * #* . respectively indicate the significance level of P<0.05 and P<0.01. The same below.
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2.1.2 T84 BEE(POD) M W 3 i, 48
2 POD P BE A T 0 4 S S T S BRI
B PR KA B e B B TR B e s, B
W PR ) T 2 M 25 R (P>0.05) , B E A
N3 JKFF POD 1P e BLES I = 2500 Wi,
LR RAERLEC (TP) T A POD I 1 F IR VE AR 2K
(JP) ,N3 /KFF POD 1%t fem, H 3 & T No &b
H(P<0.05) , HEER A 2 st Pl 82X 6] T
225 (P>0.05) , TN AR A5 A it EUK P 32 BA
A 2257 B35 (P<0.05) . HrhFEHEEE K  Ip 78
N3 7K F % NO N1 N2 2> 5 3% 542.2% 38.5% .
29.8% ., TEMFLEN], JP 1E N3 /KF R4 NO N1 N2
Ay 27.9% 66.0% 30.1% . SAKKFE i & %t
Eh RSB POD M = 1 DUk i 2 KT Rl

2.1.3 AZB(MDA) &% WHE4 iR, L4E
MDA 5 2 [ it 20 & 3 i 2 S B AR T v 1 3
B, A K R E R AR E (P>

0.05) ,JP 7E N2 /KF-F MDA &Mk, BLFEH, A
VRSB T804, 1P 7E N2 AL PR R & 354 T HoAth it
AIKF(P<0.05) ,JP 76 N1 A3 T 5 2% T Hof it
R (P<0.05) . FZEIE AN, N3 43 MDA & &
AR, (H 5 A BT i 25 22 55 (P>0.05) . HEEI
KM, AR TR AR, JP 76 N2 Zb R MDA 7
i, TER AR B 2 AU MDA &R 7E N2
IR AR, FerP FE i N2 %8 NO N1, N3 7KF
T MDA #5505 F4%40.2% 22.9% .38.9% |,

2.1.4 MEABRAE WHERS PN, DEEMERS
AT I A R T R BRI i A TR
ERI A B R, W, P AR S e T
1P, AR AR il UK B R AR X A UK P38 B
YERIE 22 7 B 3 . BURE W, 1P 7 N3 JK-F 1 il 2
PR m i, H A 3% & T H b B (P<0.05) ,JP &
A N3<N2<N1<NO, HZEIE I JP 78 N2 b PR
NO N1 N3 2R & w5 MK T 66.4% .50.1% |

®3 EMEREEREXNDHRE S ELYE(POD) EEHRIE/ (U - g - min')

Table 3 Effects of intercropping and nitrogen application on POD activity in potato

HESACE BB
G Nitrogen HiY MW P22 ) SN N ] o ik
. L . . . Starch .
Planting mode application  Seedling stage Bud stage Tuber formation ~ Tuber expansion . Maturity
accumulation
level
NO 23.8+2.5b 30.8+5.2¢ 49.8+5.3¢ 52.0+2.4¢ 137.7+16.0a 87.0x1.7a
n N1 27.0x1.2ab 51.3+£3.6b 64.4+3.1b 134.2+11.8b 136.3+4.9a 65.1+1.2b
N2 27.3+3.9ab 45.0+2.7a 71.4+5.0ab 169.4+13.4a 83.0+7.6b 82.6+2.1a
N3 32.6+3.9a 66.5+3.1a 79.1+4.4a 120.3+13.5b 110.9+8.2b 41.0£2.7¢
NO 32.6+4.5a 27.7+2.8b 51.4+3.0b 104.2+12.1¢ 112.9+17.6b 54.4£3.9¢
P N1 25.0+3.0b 31.1+2.7b 26.1£6.5¢ 110.9+£10.9be 87.0£16.9¢ 65.4+2.8ab
N2 38.0+2.3a 42.9+3.0a 65.1+8.4a 126.6+13.5b 111.0+8.4b 64.66+3.8b
N3 38.0£5.9a 47.3+2.5a 68.7+6.6a 180.2+14.8a 144.4+19.0a 70.2+1.3a
Flk A = Intercropping (1) NS % # NS NS NS
i fe )
Nitroge application level
F AR 2 it 27K - TN NS # % % % % P
R4 BERBEREXNDELERE(MDA) FEHHI/ (wmol - g7')
Table 4  Effects of intercropping and nitrogen application on MDA content in potato
o BT A i " R "
FRARE Nitrogen HiH ] HEEIE ) P EN YN L A
. L . . . . Starch .
Planting mode application  Seedling stage Bud stage Tuber formation ~ Tuber expansion . Maturity
accumulation
level
NO 8.2+0.2b 11.2+1.5a 10.9+1.3a 10.3+1.0b 11.6+0.5a 13.2+0.6a
» N1 9.6+1.2a 10.+1.8ab 10.1+0.6a 11.7+1.3ab 10.1+1.0a 11.1+0.7b
N2 8.8+2.5ab 8.5+0.6b 10.2+1.3a 13.3+0.3a 10.5+0.6a 8.1x1.8¢
N3 9.8+0.1a 9.6+0.9ab 9.9+0.7a 12.2+0.5ab 9.9+0.9a 8.7+0.6¢
NO 11.1+0.3a 11.4+0.2a 10.3+0.2a 9.6x1.4a 10.7+0.6a 14.2+1.0a
P N1 8.7+0.8b 8.1+0.8b 11.3x1.1a 12.2+1.5a 10.5+1.4a 11.0+1.3b
N2 8.1+0.6b 9.4x1.6ab 10.2+1.5a 9.6x1.2a 8.4+1.4b 8.5+1.0c
N3 9.3+1.8b 10.8+0.8a 9.8+1.0a 10.9+0.7a 10.9+0.6a 13.9+0.4a
FiAEAE S Intercropping (1) NS * NS NS NS w ok
TR (N) NS NS NS * NS NS

Nitrogen application level

AR A it KT IXN s NS NS NS NS

*
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FEUE A ; AR Bt 200l 77 g 5 DX Eh A% B2 PR S it S ) 52 73

31.0% , HAAbBE[R] 22 5 B 3% (P<0.05) ; BR25 1% K )
5 AL B[] 22 S 5 0 — B0, P A X R it UK
ZHAEHE 25 E (P>0.05) ; TEB L 2 % 5%
BT, IP FE N1 AR ¥y F A AL B, JP #E N2 4b
HR Sy T HANANEE H 22 70 3 (P<0.05) , Bl
R Rt BK TR TJE 3 22 5 (P>0.05) |, U, Fil
PRSI 2K T 28 BAE ) 22 57 40 2 (P<0.05) .

2.1.5 rtgEAE WK 6 iR, BN s
R atbaA: 5 B A0 Mk ST R A A
e ik, WL IP JP Y7 N2 AKF R R & &
AR, AW IP MRS T IP,N3 MR
S AT HAB AL HL(P<0.05) , HZRTE A,
IPHRESRE T P, A0 2R AR E (P>
0.05) ., HREERAM, 1P MR G RLT JP, 5408
22 A EE(P>0.05) , WEMBLR,JP 4R &

N3 & NO, N1, N2 4% 538 hn 39.2% . 48. 0%
37.0%, BUAM, mHaR RS REERA, P RAN
N2>N3>N1>N0, JP F I A N3>N2>NO>N1, 75 4b #
225 AN B3 (P>0.05) , FAE AR =0 i 20K - B A
FEABE At R P58 BAR ] 34 22 7 2
22 EMERERENDHRERRNITIE

3R 7 AT LAE ), P 8 0T B RS TE IR
S 2.3 (P<0.05) ,NO N1 N3 /K~ 1P fEF JP,
IP HEETER & HE7E N1 N2 N3 7K F T & AN it & Ak
RO AN 15.9% 23.8% 12.3% , ST EEVER & B
IHETN 3.2% 16.7% 22.8% . JP HAFTEN & HAE N1,
N2 N3 7K A it 20 Ak B 43 00 35 9 11. 4% |
45.6% 17.1% , 2 4% V€ By & 5t 43 0l ¥4 i 27. 8% .
64.6% 1.1%, VER & SR I B it A 2 5 BT
J& T RER A 25 it J KT Ta) 25 57 i 3 (P<0.05)

K5 BEREEREMNSLEMERIENIIN (pg-g ')

Table 5  Effects of intercropping and nitrogen application on proline content of potato

A . BB
e Nitrogen HiY I HeZEIE 1 SN N 5 b A
Planting mode application  Seedling stage Bud stage Tuber formation ~ Tuber expansion are. Maturity
level accumulation
NO 129.7+2.5a 106.5+20b 86.6+8.3ab 335.1x15.7a 66.4+0.3ab 36.6+4.7b
P N1 67.0£5.7¢ 96.3+30.4b 59.2+4.3b 443.1+20.6a 74.2+17.7a 56.2+2.6a
N2 74.3+11.0bc 99.2+12.2b 93.9+17.0a 374.7£18.7a 55.4x7.4b 34.3+4.4b
N3 86.5+2.1b 139+24.4a 64.8+4.6b 366.2+20.7a 66.5+1.4ab 45.5+2.0ab
NO 67.3+8.0c 111.8+31.3a 346.3+38.6a 264.7£11.9b 46.9+3.3b 44.2+4.1ab
P N1 115.8+11.7a 81.2+8.4b 233.2+64.4b 347.9+36.1a 64.1+10.0ab 40.5+4.1ab
N2 89.9+3.7b 59.3+5.4b 116.4+45.6d 245.7+£9.8b 67.9+10.6a 57.3+£26.8a
N3 111.0+7.9a 56.6+10.0b 168.6+75.7¢ 353.9+31.5a 64+6.8ab 28.2+2.9b
FAEAE X Intercropping (1) %k % NS ¥ NS NS
pping
S 7.
HERKE (N) ) s .. \ N \
Nitrogen application level
FAE A ZK T IXN * ok * ok * NS NS *
®6 BEEREEREXNINEMHFHEESENEN (mg - g')
Table 6  Effects of intercropping and nitrogen application on chlorophyll content of potato
AP Nitrogen Hi WA Y258 e N ] ;;r\(_h\' A
Planting mode application ~ Seedling stage Bud stage Tuber formation ~ Tuber expansion - Maturity
level accumulation
NO 0.98+0.1bc 1.01+0.18¢ 0.66+0.04a 0.75+0.1a 0.56+0.19ab 0.37+0.08a
P N1 1.36+0.04a 1.49+0.05a 0.75+0.16a 0.77+0.19a 0.63+0.21a 0.37+0.04a
N2 0.78+0.18¢ 1.23+0.18b 0.76+0.24a 0.92+0.29a 0.57+0.08ab 0.44+0.05a
N3 1.19+0.19ab 0.69+0.06d 0.84+0.08a 0.97+0.1a 0.3+0.05b 0.44+0.15a
NO 1.6+0.35a 1.27+0.21b 0.57+0.17a 1.35+0.24a 0.45+0.13a 0.37+0.15a
P N1 0.99+0.05b 1.64+0.09a 0.6+0.16a 1.39+0.1a 0.5+0.22a 0.33+0.02a
N2 0.97+0.05b 1.54+0.06a 0.7+0.18a 1.49+0.11a 0.54+0.19a 0.42+0.02a
N3 1.43+0.49a 0.6+0.13b 0.71+0.29a 1.37+0.28a 0.74+0.16a 0.46+0.03a
Pk AL Intercropping (1) % % % NS % % % % * %
S 7.
Nitrogen application level
PR KT IxN - NS . - NS .
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(P<0.05) ., JP T, £ it AL 3L TER & )
HRAT G AN 3.2% 16.7% \22.8% , [F]—FifEALA T
AT A e B 2 B S SRR AR T R R, A5
Jiti AL BRIE]) 2 558 .3 (P>0.05) , ML A& &b
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4.3% 3.8% .8.9% ,JP X N2 48 NO N1 ,N3 4351
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FARE (P>0.05) , 10 8]V Fi 2 K1 22 HAE 8]
ZR B E(P<0.05),
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Table 7  Effects of intercropping and nitrogen application on potato quality

N UK o o o o
FfE A . - HHEVEH SCHEVER) AR HEH
. Nitrogen application . .
Planting mode Amylose Amylopectin Soluble sugar Crude protein
level
NO 12.61+0.24abc 59.13+2.34b 0.024+0.003a 123.93+0.79bed
P N1 14.62+2.22ab 61.04+14.3b 0.029+0.005a 125.76+0.87bed
N2 15.61+0.25ab 69.00+5.06ab 0.022+0.009a 127.85+1.08b
N3 14.16+1.36abc 72.64+11.07ab 0.025+0.001a 120.90+2.19d
NO 11.01£1.19¢ 53.17+7.64b 0.027+0.003a 121.89+3.97cd
P N1 12.26+0.21bc 67.97+5.35ab 0.024+0.003a 127.14£2.75b
N2 16.03+2.52a 87.53+8.31a 0.023+0.001a 132.73+0.71a
N3 12.89+0.66abc 53.77+5.21b 0.030+0.007a 126.57+1.30be
AR Intercropping (1) ® NS NS NS
Jifi 77K Nitrogen application level (N) NS NS NS NS
PR AR 2O RUK T XN NS NS NS %

®8 mEEMRHEERPAREHER

Table 8 Linear regression equation output results of quality index

YR i - )
Quality index model
HAEVER 1 0.819* 0.671
Amylose 2 0.927" 0.860 0.475
XEETE R 1 0.750° 0.604
Amylopectin 2 0.814" 0.662 0.750
QIREdn 1 0.779* 0.607
Soluble sugar 2 0.828" 0.686 0.728
A 1 0.719% 0.517
Crude protein 2 0.957" 0.916 0.401

TE o S EUMG A A B B A e 1] 09 5 2 T RO R O
ES B NS TR RS e b e 4 eI E R U P S Y o o8

Note: “a” represents the optimal correlation coefficient in the linear
regression equation obtained by gradually introducing a single
independent variable, and “b” represents the correlation coefficient of
the linear regression equation obtained by introducing all independent var-

iables.

iK% 0.460, T L MDA X} 4 U M T8 B A 52 e 40K
R 1Y) B8 A2 R BN —0.640 , 3 1 Hofth 1 45 i
14 ] 22 3 2 2R A ALK, 43 5 4 0.009 , - 0.181
-0.075.,0.067 , X L X6 ELEEJE A AR OS2 4/ 5
A S R AT Y ) LR R IR x, >
>, >x,>%, , POD 5 1 VA MM 8 ] BAH OC R B K
0.684, Ir LA POD X n] i HWEIE i i s i e R, T S
A AAS R SR AR B R RN fUE, S
) AT BAAF DG 2R B 3 2 B, 28 B AR BRI X
A B R Y B AN

3 phk SR
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[VETT LSS 73 F) DG R KoK 5 i #1482
PR R AT . BRI VR, R
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Table 9  Path analysis of potato physiological characteristics and quality

MXRH HEERRH

rwy—y
BN

e iy o ' k g [A] 4230 458 2251 Indirect path coefficient &iF
Quality ind Independent Correlation Direct path Total
HEtly dex variable coefficient coefficient 1 *2 *3 Y4 s ’
% 0.032 0.112 -0.176 0.142 -0.052 0.007 -0.079
. x -0.429 -0.436 0.045 0.075 -0.265 0.150 0.006
HHEVER) :
Amvlose X3 0.460 0.270 0.058 -0.123 0.177 0.075 0.190
oS Xy -0.819 -0.640 0.009 -0.181 -0.075 0.067 -0.179
X5 0.062 0.328 0.002 -0.199 0.062 -0.131 -0.265
X -0.384 -0.305 -0.176 0.142 -0.052 0.007 -0.079
. %y -0.063 -0.386 -0.123 0.077 0.017 0.351 0.322
SCHEVER
. ¥y 0.171 0.275 -0.160 -0.108 -0.011 0.177 -0.103
Amylopectin
Xy -0.061 0.043 -0.025 -0.159 -0.076 0.157 -0.104
X 0.655 0.767 -0.007 -0.176 0.063 0.008 -0.111
% 0.148 -0.133 0.377 -0.072 -0.021 -0.002 -0.079
. %) 0.684 0.933 -0.053 -0.038 -0.108 -0.047 -0.248
CIRER
X3 0.103 -0.138 -0.069 0.262 0.072 -0.023 0.241
Soluble sugar
Xy 0.130 -0.262 -0.010 0.386 0.038 -0.021 0.392
X 0.235 -0.103 -0.003 0.427 -0.031 -0.053 0.338
% -0.516 -0.349 -0.043 -0.071 -0.035 -0.017 -0.167
W %, -0.796 -0.107 -0.141 -0.037 -0.180 -0.329 -0.689
) . X3 -0.393 -0.135 -0.183 -0.030 0.121 -0.166 -0.258
Crude protein
Xy -0.610 -0.436 -0.028 -0.044 0.037 -0.147 -0.183
x5 -0.890 -0.720 -0.008 -0.049 -0.031 -0.089 -0.1780

WS R, S8k ) MDA & &
PR 20.4% (P<0.05) , CAT % M4 BAff b 25
FH15528.89% (P <0.05), POD 3 4 ¢ B AE 7+ &5
28.35%(P<0.05), &H#HE "R EN, D%
TR MEVERE SR 45 48 A L BV E R A it i, 5
SR E R & R E & R A 10.3%
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PELEPEEIE W 28 i 0 3 T SR | T 7 v OIS T
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