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Evaluation of nitrogen efficiency on potatoes with different
genotypes in cold and arid regions of Northern China
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Abstract: In order to screen nitrogen (N) efficient varieties for production or breeding new variety as germ-
plasm resource that is an important and cost-effective way to improve the effectiveness of fertilizer inputs in potato
fields , adopting the split-plot designs using 15 conventional varieties as test materials cultivated around Bashang and
circumambient cold and arid regions, with two N levels were conducted to evaluate the N efficiency of different vari-
eties in terms of yield, N absorption, biological efficiency of N, agronomic efficiency of fertilizer N, partial produc-
tivity efficiency, and apparent utilization rate.On the basis of this, the subordinate function method was used to
evaluate and classify the comprehensive N efficiency of each variety. The results showed that variety, N level and
variety X N level had very significant effect on potato yield. Under the condition of no N, the highest yield of variety
was Beifang 002 with a yield of 5 863 kg + hm™ and the highest N biological efficiency of variety was Jinzhangshu
12 at 92.10 kg - kg™'. Under the condition of N, the highest yield of variety was Heshiwu with a yield of 8 284 kg

- hm™, the highest N biological efficiency of variety was V7 at 59.05 kg + kg™'. The N efficiency of variety varied
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widely in terms of ground force yield, yield after N, N absorption, biological efficiency of N, agronomic efficiency

of fertilizer N, partial productivity efficiency, and apparent utilization rate, CV was between 21% ~58%. The yield

(Y) of different potato varieties was negatively correlated with the N content ( X) of tubers under the condition of
no N application, ¥=-0.0019X+22.045 (R*=0.6269" ") ; the yield (Y) was not significantly correlated with the
N content of tubers under the condition of N, while the apparent utilization of tuber N was positively correlated with

the P artial productivity efficiency (X), ¥=1.617X-21.784 (R*=0.7465""). The subordinate function analysis
showed that Heshiwu, Xisen 6, and Sifante( F8) had high comprehensive N efficiency and could be used in produc-

tion as N efficient varieties or as N efficient germplasm material.

Keywords: potato; variety; nitrogen efficiency evaluation; subordinate function method; cold and arid

regions of Northern China
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Table 1 The name, type and origin of potato variety
ZAY Type fmA Variety KR Origin
FlAfT

fir 1 1. Heshiwu

FLIKE 12 5 Jizhangshu 12, 35K 2 8 5 Jizhangshu 8

i 2

Fresh Wi JURF(F8) Sifante (F8)

Vo6,V7,V8

4t75 001 Beifang 001,75 002 Beifang 002

Introduced from Holland
LA RIS B
High Latitude Area Crops Institute of Hebei Province
248 BRI A PR 7
Duolun County SNWNY Company

TR
Snow Valley Group

IALAE D7 2 B S % TS oL

HeBei North University Potato Research Center

NP ) MAE 2 5 Xingjia 2
S £~ JE R I AR
Fresh—starch processing

7% 6 5 Xisen 6

I PEARBL B2 BRI S BT

Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences

IR A BR Eh B Sl SR A

Xisen Potato Industiy Group

KPGEE Daxiyang

gy T Hi JRBE7E Buerbanke

Potato chip processing .
BE2 7 5 Longshu 7

E4 15 Maiken 1

GBS
Introduced from America
B D ERHR R A IR AT
Linkrge Potato Technology Co. Ltd.
A AL B b S AT
Potato Research Institute of Gansu Academy of Agricultural Sciences
EHENARAE

McKee Foods Limited Company
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Fig.1

Distribution of precipitation in

growth period of 2019
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ChEABEH LRI (kg - hm ™7 ) = SR 77
(kg « hm™) xHZEEH i (g - kg™ ) x107°
RAEWFRCFECERIRCR) (kg - kg™ ) = B8
B (kg - hm ) /HEER R (kg + hm™)
SR M 7 7 TR (%) = AN AR IX B2k e i
(kg « hm™) /B X B2 7= 5 (kg - hm™) x100
AERL 5 DT (% ) = (AL X H =577 4 - A
AL X HEE 5 ) (kg « hm™) /I X B 2577 6 (kg
- hm™) x100
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Table 2 The yield (dry weight) and increase range of different varieties under two nitrogen levels

AJitiZ No N fertilizer

MG N fertilizer MR AR 7 %

=}
Vu;riﬁy 7 Yield 75 5 7o H Yield 25 g Increased yield range from
/(kg + hm™?) Sig. /(kg + hm™2) Sig. N over no N fertilizer
Jt77 002 Beifang 002 5863 efg 6897 bed 17.62
V8 5342 ghi 7277 be 36.22
FLKRE 12 5 Jizhangshu 12 4928 ghij 6919 bed 40.40
BE%E 7 % Longshu 7 4807 hijk 4777 hijk -0.63
T Fk 6 %5 Xisen 6 4472 ijkl 7552 ab 68.87
V6 4395 jkl 5444 fgh 23.85
KVG¥E Daxiyang 3992 klm 5207 ghij 30.42
kg 5 Jizhangshu 8 3829 Imn 6556 cde 71.22
faf -+ 7. Heshiwu 3816 Imn 8284 a 117.09
475 001 Beifang 001 3649 Imno 5792 efg 58.72
M 2 5 Xingjia 2 3575 Imno 6666 bede 86.42
i JRBEFE Buerbanke 3156 mnop 5603 fgh 77.52
V7 2798 op 6292 def 124.92
7 FLEE(F8) Sifante (F8) 2762 op 6520 cde 136.07
1 15 Maiken 1 2538 p 2978 nop 17.34
FuFf Variety *
ANOVA  EIKF N level *
*

FIKFx it NxVariety

T : R NG FRER IR 22 5 IR B B K (P<0.05) 5 # o+ 781K 0.01 BEKF,

Note : Lowercase letters indicate statistical significance at 0.05 levels within the same column; * * represented significance at 0.01 probability level.
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Table 3  Nitrogen content,absorption and nitrogen biological efficiency of varieties at two nitrogen levels

with different varieties

Kt No N fertilizer Jii% N fertilizer

e R R RAWFRE FRR R RAWFRE
Variety Nitrogen content  Nitrogen absorption Nitrogen biological Nitrogen content  Nitrogen absorption Nitrogen biological
/(g-kg™™) / (kg + hm2) efficiency/ (kg - kg™") /(g-kg™) / (kg + hm™2) efficiency/ (kg - kg™")

KPGH: Daxiyang 14.03 56.02 71.27 19.76 102.87 50.62
4677 001 Beifang 001 14.73 53.75 67.90 18.52 107.27 54.00
V6 12.94 56.88 71.28 18.98 103.33 52.68
Wi FUEE(F8) Sifante (F8) 17.14 41.35 58.33 21.47 140.02 46.57
B 125 Jizhangshu 12 10.86 53.51 92.10 20.94 144.87 41.76
Aii/RBEFE Buerbanke 1423 4491 70.28 20.26 11351 49.36
V7 17.49 48.94 57.17 15.93 106.55 59.05
V8 11.57 61.82 86.42 18.53 134.84 53.97
Ak 65 Xisen 6 13.41 59.98 74.55 17.88 135.05 55.92
242 5 Xingjia 2 14.34 51.26 69.75 19.12 125.23 52.29
4tJ5 002 Beifang 002 14.30 83.86 69.92 20.28 139.89 49.30
K2 8 45 Jizhangshu 8 15.65 59.92 63.90 19.85 130.10 50.39
1 15 Maiken 1 19.59 49.72 51.04 20.71 62.77 48.28
Fe2% 7 = Longshu 7 12.31 59.18 81.23 17.01 81.23 58.80

faf++#. Heshiwu 15.63 59.64 63.98 18.61 154.15 53.73
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Fig.3 Regression relationship between potato yield and

tuber N content with no N fertilizer
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Fig.4 Regression relationship between potato yield and

tuber N content with N fertilizer
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Table 4 Comparison of basic strength and fertilizer yield contribution ratio, agronomy efficiency,

partial productivity and apparent utilization ratio of different varieties

KA Fertilizer N

LRl b 7 7= DTk
i Basic ground forces e TR R REERR WA= 1 FEWL(He22) F %R
Variety production contribution  Production contribution ~ Agronomy efficiency Partial productivity Apparent utilization
rate/ % rate/ % /(kg + kg™") efficiency/ (kg - kg™") ratio/ %
KPGH Daxiyang 76.68 23.32 7.04 30.18 27.16
A5 /REE5E Buerbanke 56.33 43.67 14.18 32.48 39.77
%1 15 Maiken 1 83.73 16.27 2.86 17.57 7.57
Be % 7 %5 Longshu 7 100.00 -0.63 -0.18 27.69 12.78
Ai#k 6 5 Xisen 6 59.22 40.78 17.85 43.78 43.52
MAE 2 5 Xingjia 2 54.60 45.40 17.24 37.97 42.88
4t75 001 Beifang 001 63.00 37.00 12.42 33.58 31.03
Vo6 80.74 19.26 6.08 31.56 26.93
Wi FLAF(F8) Sifante (F8) 42.36 57.64 21.79 37.80 53.72
TR 12 5 Jizhangshu 12 71.22 28.78 11.54 40.11 52.96
V7 44.46 55.54 20.26 36.48 33.40
V8 73.41 26.59 11.22 42.19 42.33
4t 002 Beifang 002 85.02 14.98 5.99 39.98 32.48
BRI 8 5 Jizhangshu 8 58.40 41.60 15.81 38.00 40.68
faf 2 Heshiwu 46.06 53.94 25.90 48.02 54.79
) -
£ 50 N _60r
~5 | 7=0.710x+26.839 -3 . o ¢
Py 45 R'=0.4986" . . :Ei sk
ca40r . . =3 &
gg o e =Py ® e
=z = .-
R 5 35F ". ";5.2 2 (] p d
LE R R E85 301 o
58 30F e R e Y=1.532X+16.728
Eg - 22 20t ) R=0.664"
®E 25T g = -
z 5 Z3 .
2N 20 =24 10 °
== o
= . -
L(L) ]5 1 1 1 J 0 1 1 1 J
—10 0 10 20 30 —10 0 10 20 30
NEAF A 2 B0 (kg » kg ) FE A SR 2 2% (kg = kg )
Fertilizer nitrogen agronomy efficiency Fertilizer nitrogen agronomy efficiency
5 ERERFUESKREFTINXER Eo MEMARFHERSRERVUMAENXR
Fig.5 Relationship between fertilizer N Fig.6  Relationship between fertilizer N agronomy
agronomy efficiency and partial productivity efficiency and tuber apparent utilization ratio
60 N A
~ o, b 3 ITJ‘ T
2. s0f
. © R Y o e a3 X N
PP I e R, 25 X P 40 UBCR A VP 0600 T
2.2 %40} Y=1. . . :
S o : N > ,22-26] 2] >
g‘_ﬁé’ R=0.7465 S —45iE . FAMHETE TN VR X 3R 4
.‘3‘430' .-"t v B =T — N — 7 e M 2
I3 e 4 2 A L B, B B AR AR PRI RS A
R 0= N N N N . .
KE3 20T it e B AR DR 22 AR A T] 8, Moll 4511
g = o
- < 3 b ) A [15] 2] > L= ol 3% N Y SN v Nl =N v
T w0 o AT PHPFAE O RO SR B U AL R 7 B I 7
0 . . . . . . T3, B R R A S 7 B RE N e TR AK

oo e 0 e o0 Rl BRSO A (1 U R T I e . AR SR

JERE U A 7 J1/(kg » kg )

Fertilizer nitrogen partial productivity ﬁﬁ%lﬁﬁﬁ{gl‘ HE —F‘ EJ %ér\ % Ll& %’E/ﬁﬁ B/(J ﬁ% % }i;: ﬁ. *Ef 1;/]? %j
E7 BREEET ) SREREAHAENXR HERL 25 A AU R 0 AU R LR 2E A0 R
Fig.7 Relationship between N partial productivity of BLEFEWF R L bR 174 & FR0CR N , 7z

fertilizer and apparent utilization ratio of tuber N H B 44 B A S S R AN ey - T, TE AN i R it S AR



20 T XA AT 538 %
RS AEARMERIZIBMHREIHERESE
Table 5 Membership function values and combined values of potato of different varieties
NEAH AR FHRCR A 2545 b 8 e B
EoRlH Sy Nitrogen utilization effect of fertilizer
WiH 7 BT sobh g CRME IRz AR
Ttem Basic gr()un('i - SRS ARkE )]<\I - o A=ty FIH = PREE
forces production o Nitrogen ~ Nitrogen '1trog.en o Partial Apparent D
contribution rate Yield content  absorption E}Ei:ifjl Aéron nnlly productivity utilization
’ ney etierency efficiency ratio
KPE¥E Daxiyang 0.59 0.41 0.38 0.44 0.43 0.28 0.41 0.41 0.40
4t 001 Beifang 001 0.35 0.53 0.65 0.49 0.66 0.48 0.53 0.50 0.49
V6 0.66 0.46 0.55 0.44 0.57 0.24 0.46 0.41 0.42
Wi JUFR(F8) Sifante (F8) 0.00 0.66 0.00 0.85 0.16 0.84 0.66 0.98 0.67
B 12 5 Jizhangshu 12 0.50 0.74 0.12 0.90 0.24 0.45 0.74 0.96 0.64
A1 /R BE 3¢ Buerbanke 0.24 0.49 0.27 0.56 0.35 0.55 0.49 0.68 0.51
V7 0.04 0.62 1.00 0.48 1.00 0.78 0.62 0.55 0.59
V8 0.53 0.81 0.65 0.79 0.66 0.44 0.81 0.74 0.64
A5 #% 6 5 Xisen 6 0.29 0.86 0.79 0.79 0.79 0.69 0.86 0.76 0.71
M4 2 5 Xingjia 2 0.21 0.67 0.52 0.68 0.55 0.67 0.67 0.75 0.62
4t 002 Beifang 002 0.73 0.74 0.26 0.84 0.35 0.24 0.74 0.53 0.53
S5k 8 5 Jizhangshu 8 0.28 0.67 0.36 0.74 0.42 0.61 0.67 0.70 0.60
%H 15 Maiken 1 0.71 0.00 0.17 0.00 0.28 0.12 0.00 0.00 0.14
BE% 7 % Longshu 7 1.00 0.33 0.98 0.20 0.98 0.00 0.33 0.11 0.31
faf i Heshiwu 0.06 1.00 0.63 1.00 0.64 1.00 1.00 1.00 0.85
FrifEZE SD 16.99 1277.17 1.37 25.17 3.8 7.37 7.40 13.85
AR R CV 0.26 0.21 0.07 0.21 0.07 0.58 0.21 0.38
KL Weight 0.13 0.10 0.04 0.11 0.04 0.29 0.10 0.19
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