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Abstract: Effects of nitrogen (N) rate on the growth of autumn field-grown potato plants and the
expression of nitrate reductase gene (StNR) and ammonium transporter gene (StAT) were studied. SPAD
reading increased as fertilizer N rate increased from 0 to 360 kg - hm™ at the tuber initiation and the
tuber bulking periods; Interestingly, the expression of StNR and StAT in leaf tissue decreased as fertilizer N
rate increased, exhibiting a significant (P < 0.01) negative correlation with nitrate application rate and
SPAD reading at the tuber initiation and the tuber bulking periods. Plant height and stem diameter
increased with increasing fertilizer N rate. For the total tuber number per plant, the mean tuber weight and

the total yield, they increased to the maximum values, then decreased while fertilizer N rate increased. For
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starch content, it decreased with increasing fertilizer N rate. Taken together, fertilizer N rate at 90 - 135
kg - hm™ can be recommended for the autumn potato crop. Additional analysis demonstrated that as
fertilizer N application increased, soil and tuber ammonium-N concentration increased. In soil of 0 - 20
cm depth in the potato root zone, ammonium-N level was between 1.55 to 9.34 mg - kg': And no
significant increase was observed when N fertilizer N rate was below 360 kg - hm™ In tubers,
ammonium-N concentration was between 20.58 to 49.81 mg - kg'; And as fertilizer N rate increased, a
significant increase (P <0.01) of tuber ammonium-N was observed. The results would provide theoretical
basis for establishment of the molecular detection method for nitrogen sufficiency in field-grown potato
plants and field nitrogen fertilizer managements.

Key words: Solanum tuberosum; nitrate reductase; ammonium transporter; nitrogen rate;
photosynthesis
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B R AW 8, BT R O AT 5 A 380 N EBERG (Leaetal., 2007), Fid 35
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Table 1 Primers used for real time PCR detection

R BNl TIRe ElL/ES Bkl

Gene NCBI accession Primer name Primer sequence

TF B IE JEU R JE IR Nitrate reductase U76701 NR-F 5-TGGACATATCTATGATGCCTCACG-3'
NR-R 5-AGTTCACCAATCCTAAAGTCCTCCA-3'

¥l 12 A A5 K] Ammonium transporter XM_006340410 AT-F 5" TGCTGCTGGTGGATTGTCTTATTAC-3’
AT-R 5-GCTTTCCAATGAAACCATTAGAAGG -3’

Actin GQ339765 Actin-F 5-AGGTCCTCTTCCAGCCATCCA-3'
Actin-R 5'-CCACTGAGCACAATGTTACCGTAG -3'

BRI 5 B SRR IR S AN 2k s OGRS AT /N 7, R/ S AR, BRI 2
PRIL 10 Bk, THE BRSSPk B R R RN R R, RN
AL 50 g AR, 50 g MULEONRE A, TG R AN R R E PRk .
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Fig. 1 Effect of fertilizer N rate on SPAD and photosynthesis of potato leaf

Different capital and small letters in the same period meant significant difference among different treatments. The same below.
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AILAEH, MR R, B2 K2 R AL (SAT) RIAAKF 2R, e
T AR AR AR AH Gk 20 B2 Ik DR 3Rk 7K 5 i UK B A 8 3 A o6 (BR25 T By
r=0.8, P<0.01, HEE LK r=0.84, P<0.01).

F2 HAKEXRISHREEREFE. RROZE
Table 2 Effect of fertilizer N rate on plant growth, tuber yields and quality

BT/ (kg - hm®) #kE/em 224 /mm ZERBRR (< 107) LilvRag 4 R g
Fertilizer N rate Plant height Stem diameter Stem diameter/Plant height Tuber number per plant Mean tuber weight
0 37.00+£3.99 ¢ 7.62+£0.65¢ 2.09+0.38b 277+£0.52b 3489+4.72 ¢
45 38.27+3.69¢ 9.11+0.89 be 2.38+0.04 ab 3.30+0.62 ab 49.81 +8.15ab
90 38.60+4.20 ¢ 8.97+0.30 be 2.34+0.25ab 380+0.52a 48.73 £3.58 ab
135 4420 £4.51 abe 1086+ 1.79 a 245+0.19a 3.890+0.18a 56.44+5.96a
180 42.4+191bc 10.45+0.56 ab 247+024a 3.52+0.35ab 57.62+5.16 a
270 48.2+591 ab 10.15+0.28 ab 2.13+0.29 ab 3.40+0.910 ab 57.54+5.18a
360 49.67+3.72a 1091+£0.78 a 2.20+0.11 ab 3.86 +0.21a 42.50 +7.28 be
MEEUKT/ (kg-hm?) PR/ (kg-hm™) B8R/ (kg-hm™) 7 %/% TR RY%

Fertilizer N rate Total yield Marketable yield Marketable tuber rate Starch content

0 9741.0+17222¢ 7906.2+13359¢ 83.48+3.55b 8.140 £ 0.000 b

45 14996.6+1461.3b 13323.8+10784b 88.85+1.85a 8.994+0.857 a

90 17118.8£3398.8ab 15354.2+3130.8 ab 89.69+2.37a 8.924+0.327 ab

135 20359.1+1392.6a 18108.8+21252a 88.95+5.09 a 8.710 £ 0.124 ab

180 18 695.4 + 547.6 ab 16 656.0 = 702.4 ab 89.09+1.39a 8.570+0.371 ab

270 17719.1+3478.1ab  15853.8+2681.0 ab 89.47+231a 8.520+0.157 ab

360 160463 +11923b 13447.5+1789.7b 83.80+5.05b 8.140+£0.214 b

e G R NG FRERTR AN R AR B o) 2 57

Note: Different small letters in the same column meant significant difference among different treatments.
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Fig. 2 Effect of fertilizer N rate on expression of StNR and StAT measured on the stage of
tuber initiation and tuber bulking
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-0.96 (P<0.01).
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Fig. 3 Relationship between SPAD and expression of StNR and StAT measured on the stage of tuber initiation (A) and tuber bulking (B)
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. 3 gt i B¢ FRBEATNRRAZHSASROHN
# 360 kg - hm™ A0 3 5 25 i TILARALFECIE 4D, RN R R AR LA SR 5 53
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MR Z WIRTER LG5 o Bl AR RE B MR 2R K/, T4y B T B ™= 5 (Zebarth &
Rosen, 2007). AW REN, BEE AT, AR A S ETHES, Ui
FUE AT ER AR, (RO 2R W LU 258 BTSRRI SAs kel A, e,
FEEY R BTHE TS SRR B E AR T SR N AE KR R IE R, Ojala 4%
(1990) TS HALZR I L8 - b i UK T 256 ETHE RS BRIk, B8 i
JKFLL90 ~ 135 kg - hm™ B, B 0 AbBEAL, BEEEEUKFIHR S, Jem& R e FHmas, 5
Westermann 55 (1994) il Ojala 55 (1990) HIWFFTLERAHEL, AT Li & (2013) yakn 5 5 bl it %0
KPS SE T B S A
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L 30 o 5 DR 23k P A8 Ak i N 30 B 38 (Hazeneet al., 2003). ANZDHIFST 26 W 0K 1 5600 T 4
YR A A i JE N ()61 (Forde, 2000; Wang et al., 2003; Schachtman & Shin, 2007), {HA|
FH G AR 2 DR RN 32 R DR (1) 3 T Al B 5 B R R R 3 TR RO I e b, Li 48 (2010) #F9T
THRFETHXKRELMT 3 A LR ZEHAMRE T 4 DR ECEAH IS P RIE R oL, 45 RER A
o3 ~7dR, HMRICJEEF (Nitrate reductase, NR). WAHMRIA S EF (Nitrite reductase, NiR)-
R ARG F i ( Asparagine synthetase, AS) & DA I 04 5, LA R J5t i 2 DX 55 W 1) ; Zebarth
(2011 WFFT T RIHIEAF FRFE 75 1 AN 27 MERQUMAH TR MR E TGO, 4558
FFERR AN KT, HEEREERAERNRIEKCTFSERZAKP LR R B E L. K
WA IR, KRBT A AE T R 7 RS R I AN B 2L 3 BB 258 O AR 2R K SINR A1
SAT [ RIERIE A SR K. i F SPAD {2 AHC, 454 Li % (2010) FI Zebarth 45
(2011 MWFSL, AR SNR I StAT ()R f o Joth & b b AR B 0 3 0 2 R Rt dh.
A P TR A UL RV T s 25 TR A R 40 B 9 TR A L, S R rP E 7e e i, S U N 3R
AR T A — P il SRS AEAE TRV, A ) 5 B I B 20T, B PR 340 5 i 1 3% 1 34 5
BT S ZUC R SR, RIS E AN TSR NEK, Bk, 9 AR 2R, R
T JR BRIV 338 B 1 R Rk AT, (e R I 2, PSRRI R IE AP SR 2K AU .

WA S A SR T e e o I IV E R 3B IR 12 Wi 771 (Porter & Sisson, 19915 Lewis & Love,
1994) . S5 K, AEDR B g 2 A S, AR I J i IR 3 P 5 R A i 46 TR A S BT
FEXT IV O 2R, AR I A P 5 P RS i 46 PR A 285 0 L A o A 28 SR 1) 5 8 O L e R At Jz ke
VEMIXT R TR 2R, AHR i 2% (A A5 VIR SRl s, DR, g LRI s D 0 (1 9% 2 sl s
JEBESE R R IA AT AR S BUE A B RS FREWiTate, fe skl TR AR A 3B TR D

A Li 55 (2010). Zebarth %5 (2011) MUABFITZ R, 5 SPAD {H. MIAEEH—FF, SINR
H1SAT ()R8 & n] DU 4 7 B D40 SRR A FORDLI AR AR, (R BARRIAIKSF 52 iRl AR IR AN
BT, FA SNR FI StAT JEPH (1) 52 SRk i — P R EREAR A R E RN P2 WA, &
R A LSS E AR N o
34 HMERKEMRENMLIEHSEASENEIE

ek et S 2 R A R BRI LS (Zebarth et al., 2004; BREGHTAIEMEME, 2008) Fl L35
SR EMN LI (FRRPRE I, 2008). AR, MAEBEK IR, REPHERSE
HWN, Bk 49.81 mg - ke, AENEREVYE T AL HWRAE NI T, & S8CE R
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R, FAPZE AR, RS T i E e DA e AR BRI, iR R 2 DU TR
R —4E 4 —FITE R 2% (van Es et al., 2002; Zebarth et al., 2008), E RIS &b iy Bk —
SIS
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