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Effects of nitrogen application on starch accumulation and
related ultrastructure in potato tuber

LI Yong, YANG Huanchun, CHANG Xiangcai, YANG Yi, LI Jingwen, BAI Guanglan,

PANG Li
(College of Agriculture, Anshun University, Anshun 561000, China)

Abstract In order to determine the regulatory effects of nitrogen application on starch accumulation and
related ultrastructure in potato tuber of different starch type varieties, the high-starch variety ‘Kexin 22’ and
low-starch variety ‘Kexin 19’ were selected and treated with nitrogen application rates of 0 (CK), 75, 150,
225 and 300 kg/hm?, respectively. The starch content, starch yield and the number and particle size of
starch granules and amyloid bodies in tubers under different nitrogen application were measured. The

relationship between starch content and starch granules and amyloid bodies in potato tubers was analyzed.
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The results showed that: The starch content of tubers of ‘Kexin 22° and ‘Kexin 19’ varieties decreased
with the increase of nitrogen application rate when nitrogen application rate was 0 to 300 kg/hm?®. The
starch content of tuber of the both varieties reached the highest values when nitrogen application rate was
0 (CK) kg/hm?. The starch yield of tuber of the two varieties increased first and then decreased with the
increase of nitrogen application. When the nitrogen application rate was 150 kg/hm?, the starch yield of
high-starch variety ‘Kexin 22’ reached the highest, which was 11. 27 t/hm®. The starch yield of low-starch
variety ‘Kexin 19’ reached 8.99 t/hm® when the nitrogen rate was 225 kg/hm® The number of starch
granules and amyloid bodies in the tubers of the two varieties showed a decreasing trend with the
increase of N application rate, and the average particle size of starch granules and amyloid bodies
showed a decreasing trend with the increase of N application rate, resulting in a decreasing trend of
microscopic starch granule content in the tubers of the two varieties with the increase of N application
rate. It was consistent with the decreasing trend of starch content in the tubers with the increase of N
application rate. The proportion of starch granules and amyloid bodies with diameter (d) <<30 pm
increased with the increase of N application rate, and the proportion of starch granules and amyloid
bodies (d =30-50 pm and =50 pm) decreased with the increase of N application rate. When the nitrogen
rate was 0 (CK) kg/hm?, the number and size of starch granules and amyloids of the two varieties were
the largest, the proportion of starch granules and amyloids (d <<30 pum) was the lowest, and the
proportion of starch granules and amyloids (d =30-50 and =50 pm) was the highest. In conclusion, the
starch accumulation and related ultrastructure of potato tubers of different starch potato varieties were
greatly affected by nitrogen application. Therefore, the suitable nitrogen application should be
determined according to the starch content, starch yield and ultrastructure changes of starch granules
and starch bodies in the tubers of different starch type potato varieties.

Keywords potatoes; nitrogen application amount; tuber; starch content; starch yield; starch granules;
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Table 1 Starch content of potato tuber under different nitrogen application rates g/100 g
i ol Jifi 0 & / (kg/hm*) N rates
Variety 0(CKD 75 150 225 300
TR 2275 Kexin 22 21.81+0.31 a 20.87+0.40b 19.87+£0.60 ¢ 18.60+£0.06d 17.63£0.26 ¢
FEHT 195 Kexin 19 16.50£0.30 a 15.87£0.05a 14.99+0.13b 14.00£0.56 ¢ 13.45+0.35¢
TE A RNG R R IR 2576 0. 05 KPR35 . T,
Note: Different lowercase letter indicate significance at 0. 05 level of probability. The same below.
®2 AEAHAELETIRERZINTENRT=
Table 2 Starch yield of potato tuber under different nitrogen application rates t/hm”
i A Jifi & #/(kg/hm™) N rates
Variety 0(CK) 75 150 225 300
TEHT 2245 Kexin 22 7.14+0.08 e 10.74+0.04 b 11.27+£0.02a 10.50£0.05 ¢ 10.05+£0.08d
T 1945 Kexin 19 4.6840.16 e 7.63+£0.08d 8.1540.18¢ 8.9940.14 a 8.54+0.03b
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Table 3 Changes of starch grain properties of potato tuber under different nitrogen application rates
- it 2L VERYRLECE / (A /AL e i le g/ %
Variety (kg/hm*) Number of starch d/pm Proportion
N rates granules <30 pm =30~50 pm =50 pm
0(CK)D 296+4 a 29.5+1.4a 55.4+1.0e 21.1£0.9a 23.4+1.8a
75 2903 ab 27.3+£0.6b 61.0+£1.2d 18.6+0.9b 20.5+0.4a
22
Kexin 22 150 28343 be 26.640.4Db 66.64+1.7c¢ 17.0£0.5¢ 16.4+1.5b
225 27943 cd 25.740.3b 75.7+1.1b 14.7+0.4d 9.6+0.7¢
300 2744+1d 23.24+1.2¢ 80.542.2a 11.8+0.6¢ 7.7t2.3¢
0(CKD 349412 a 23.24+0.2a 71.94+1.1d 17.0+0.5a 11.1+0.7a
e 10 75 317£t19 a 22.84+0.1b 75.24+0.9¢ 15.2+0.8b 9.6+0. 3 ab
K;xin.I; 150 243+15b 22.44+0.2¢ 77.3+0.1bc 14.14+0.1bc 8.640.1bc
225 21011 be 21.7+0.2d 79.6£1.5b 13.3+0.2¢ 7.1+1.4¢
300 177421 ¢ 20.1£0.3 ¢ 84.1+£2.2a 11.8+1.2d 4.1+1.1d
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Fig. 1 Scanning electron microscope observation of potato tuber samples treated with different nitrogen application rates
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Table 4 Changes of starch plasmid characters of potato tuber under different nitrogen application rates

5 were = N ] /9
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ariet
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Fig. 2 Transmission electron microscope observation of potato tuber samples treated with different nitrogen application rates
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