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Regulatory Effects of Nitrogen Fertilisers on Starch Structure and
Physicochemical Properties in Wheat Grain
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ZHANG Yanfei, ZHANG Haiyan, WANG Chenyang

(College of Agronomy, Henan Agricultural University/National Engineering

Research Center for Wheat, Zhengzhou, Henan 450002, China)

Abstract: In order to investigate the effects of different nitrogen fertilizer application rates on the
starch physicochemical properties and structure of wheat grain, and to analyse the reasons for the
differences in the starch physicochemical properties, a strong-gluten variety Fengdecunmai 5 and a
medium-gluten variety Bainong 207 were selected as the experimental materials, and set up four nitro-
gen application rates of 0, 180, 240, and 300 kg * hm ? noted as NO, N180, N240, N300 respective-
ly. Starch physicochemical properties and structural characteristics under different nitrogen fertiliser
application rates were determined. The results showed that with the increase of nitrogen application
rate, the peak viscosity and swelling potential of the two varieties wheat were first rising and then
falling, the peak temperature, enthalpy, content of branched starch B2 and B3 long chains, relative
crystallinity, degree of surface ordering, number proportion of large starch granules all showed a
trend of first declining and then rising. Fengdecunmai 5 and Bainong 207 all the extreme values were
N240 and N180 treatment respectively. Compared with the NO treatment, the N240 treatment of
Fengdecunmai 5 and the N180 treatment of Bainong 207 showed an average increase in swelling poten-

tial of 36.74% and 7.23%, an average decrease in enthalpy of 18. 94% and 27.43%, an average de-
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crease in relative crystallinity of 16.29% and 9. 82%, and an average decrease in the degree of order of

the starch surface layer of 5.09% and 4. 21 %, respectively. In conclusion, the moderate application of

nitrogen fertilizer can improve the starch physicochemical properties and structure of wheat grain.

Keywords: Nitrogen application rate; Wheat; Starch structure; Physicochemical properties of starch
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Table 1 Effect of nitrogen fertilization rate on starch pasting properties of wheat grain
A Y T A A M L 1 o
y reatment i Gitv/cP down/cP  viscosity/cp Setback/cP Tp/C TR Ly T er
20222023 FHETEE 5 B NO 3 441. 00a 741.67b  4087.00a 1387.67b  63.20a 2.17a 6. 32¢
Fengdecunmai 5 g 3 474.67a 850.67ab  4168.00a 1544.00a  62.85a 1.81ab  8.89b
N240 3776.00a  1061.00a 4 380.00a 1665.00a  62.80a 1. 66b 9.97a
N300 3722 00a 877.00ab 4 232.00a 1387.00b  63.60a 1.92ab  9.13b
CV/% - - - — 0.75 12.72 18. 36
 Hke0r No 3294.33a 663.67b  3941.33a 1310.67a  64.00a 2.11b 9.28ab
Bainong 207 N180 3 656. 33a 638.00b  4334.00a 1315.67a  63.50a 1. 66c 9. 81a
N240 3631.00a 1073.00a 4 148.00a 1590.00a  63.45a 1.95b 9. 63ab
N300 3 495. 50a 743.00b 4 166.00a 1413.50a  63.70a 2.45a 9.22b
CV/% - — — — 0. 50 15. 40 2.98
20232024 FHfERE S E No 3454.00bc 1076.50b 4 047.50b 1670.00a  63.10a 3.13a 8.31b
Fengdecunmai 5 g 3882.50a 1 503.50a 4092.00b 1713.00a  61.93b 2.79b 9.47a
N240 3967.50a  1331.50ab 4 347.00a 1711.00a  61.77b 2.68b 9.70a
N300 3682.00b 1085.00b 4 281.50ab 1684.00a  62.25b 2.87ab  8.79b
cvV/% - - - - 1.02 7.29 9.74
 HAkz20 No 3508.00b  1007.00b  4099.00b 1591.00b  63.2lab  3.43a 8. 80bc
Bainong 207 N180 3667.00b  1153.00ab 4 117.00b 1 686.00a  62.95b 2. 28b 9.57a
N240 3766.00a 1360.33a 4 275.50a 1662.00a  62.97b 3.17a 9. 25ab
N300 3 515. 00b 662.00c 4 312.50a 1466.50c  63.50a 3.59a 8.61c
cvV/% — — - - 0. 40 19.52 5. 20
S B Variety(V) 457 6.75% 0.50 479 27.31°°*  0.91  9.02° "
FFvﬁm A Treatment(T) 9.53" " 5.81° " 6.26%°  3.94° 6.37" " 2.49  19.06% **
VXT 0.82 0.76 141 0. 14 1. 30 1.52 9.70" "

[l — AP R S RN G - B R b BRI P<<0. 05 KP B2 8%,

at 0. 05 level.

* ; P<C0.05;

The same varieties of the same column labelled with different lowercase letters indicate that significant differences among treatments

* . P<C0.05; % % ; P<C0.01; % % %, P<C0.001. The same in tables 2—5.

% %3 P<C0.01; * % x; P<C0.001, FZ[H,

R2 HMEREWNEFHNEMSEREASHFMI
Table 2 Effect of nitrogen application rate on starch content and its components of wheat grain
ARy i i pis:il SVER B it 5 U A SCHEVE B A
Year Variety Treatment Total starch/ % Amylose/ % Amylopectin/ % Amylose/amylopectin
2022—2023 Evi.vc = NO 76. 26a 22.83a 51. 24¢ 0.43a
Fengdecunmai 5 N180 75. 21ab 21.19b 54.02b 0.39b
N240 73.84b 18.29d 55.55ab 0. 33c
N300 76.07a 19. 93¢ 56. 14a 0. 35¢
R N 76.40a 20.46b 55.94a 0.37ab
Bainong 207 N180 74.41a 17. 87c 56. 54a 0.3lc
0. 3

20232024 EXivis = NO 22.62a 0.
Fengdecunmai 5 N180 21. 29b 0.39%
N240 18.50d 0. 34b
N300 75.98a 19. 94c 56. 04a 0. 36b
A4 207 NoO 75.95a 20. 38b 55.57ab 0. 37ab
Bainong 207 N180 74.35a 18. 46¢ 55. 89ab 0. 32¢
N240 75. 44a 19. 15¢ 56. 30a 0. 34be
N300 75. 85a 21.70a 54.15b 0. 40a
S Variety(V) 0.21 19.90% * 8.04% " 18.727 *
Ff JbHE Treatment(T) 13.35% % 61.51° %" 2.93" 35.69% "
F value
VXT 4.61°" 63.02° " 11,67 16.80" " *
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Table 3 Effect of nitrogen fertilization rate on the distribution of amylopectin chain length of wheat grain(2022—2023)

i Aot Ak 7 A chain Bl chain B2 chain B3 chain (A+B1)/  Average DP of
Variety Treatment DP 6—12/% DP 13—24/% DP25—36/%  DP>36/% (B2+B3) amylopectin
EX it e NO 27. 04c 46.11b 14.59a 12. 28a 2.73c 21.09a
Fengdecunmai 5 N180 27.29b 146.12b 14. 50b 12.11b 2.76b 21.00b
N240 28. 40a 46. 62a 14. 16¢ 10. 82¢ 3.0la 20.47¢
N300 27.05¢ 46.12b 14.57a 12.27a 2.73c 21.08a
CV/% 2.14 0.56 1.27 5.50 4,46 1.31
"""" F# 207 N0 26.97c  46.18c  14.46b  12.40a  2.7lc  21.16a
Bainong 207 N180 29.17a 17.13a 13. 64d 10. 06¢ 3.22a 20. 08¢
N240 28.17b 47.04b 14. 15¢ 10. 64b 3.04b 20. 44b
N300 26. 65d 46.03d 14.67a 12. 66a 2. 69¢ 21. 23a
CV/% 3.85 1.14 2.86 10. 35 8.35 2.50
R Varie(V)  173.01° ¢ 3299.38°° % 1064137 | 530.45° % 910.22° %  456.46" %
FFVE'[HG KB Treatment(T) 1 402,99 *  2778.93" " 1 260. 64 1996.02"** 2093.78*** 1655 74"
VXT 1055.19" %~ 1388.06" " 1185.27 1071.23"**  1366.96*"* 1040.96" "
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Fig. 1 X-ray diffraction patterns of wheat grain starch under different nitrogen application rates
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TEMRZAE RS EAT e p £, R 4 ATAL
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S [ b B 25 5 L1 047/1 022 em ! AL
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TE N240 Ab PR 18 2 e KAH 8 NO Ab 35577 £
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Fig.2 ATR-FTIR patterns of wheat grain starch under different nitrogen application rates
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Table 4 Effect of nitrogen application rate on the relative crystallinity and infrared ratio of wheat grain starch

AE Ay Sl b B FH X 4 i 2T AN Infrared ratio
Year Variety Treatment Rul(ltlycly
crystallinity 1047/1 022 ecm ™! 1022/995 em !
2022—2023 TR S NO 33.75a 0.97a 0.79d
Fengdecunmai 5 i
N180 28.63c 0. 94c 0. 86b
N240 28.25¢ 0.93d 0. 88a
N300 31.46b 0.96b 0. 83c
CV/% 7.89 2.04 41.32
B 207 NO 31.71ab 0.95b 0. 82bc
Bainong 207
N180 28.53b 0.91c¢ 0. 92a
N240 28.81b 0.94b 0.83b
N300 34.25a 0.96a 0.81c
CV/% 8.61 1.97 5.47
20232024 Pl 55 No 33.62a 0. 99 0. 74d
Fengdecunmai 5
N180 28.72¢ 0. 94c¢ 0. 86b
N240 28. 15¢ 0.93d 0. 89a
N300 31.06b 0.97b 0. 83c¢
CV/% 7.49 2.93 6.79
B4 207 NO 31.69b 0. 95b 0.82b
Bainong 207
N180 28. 64c 0.91d 0.92a
N240 28. 84c 0. 94c 0.82b
N300 35.21a 0. 96a 0.83b
CV/% 9.44 2.07 5. 44
S Variety(V) 6.75 59. 94 13. 86
F it AP Treatment(T) 161.07* "~ 147,43~ 117. 04
F value
VXT 33. 777" 84,77 " 56.00" "7
2.6 HMEREXT/NEZFFRLE WA E 2 8 &0 H,.H5 No ab#l2z 5 W3, 5 No &b BEAH L,

M5 AT, 5 NO kb BAH F L AN AR B 52
17222 5 %5 (N240 ,N300) fIH 4 207 (N180,N240)
Jit AL FR =9, 8 pm F1 2. 0~9. 8 pm [ 3E M kLKL
H 480 43 e S B AG . <<2. 0 e BE B K%L H 4> 1

2022—2023 Fl 2023 — 2024 4E FlifEH 5 5 >9. 8
pem [ VE YRR H (5 LRI L0 21, 43 %6~
64.29%.0.07%~91. 67 % ; A 4 207 R0 5 Fl 5
Wk 50.00% ~75.00% .33.33% ~66.67%, %

BRI, WAEEEMEEE 5 S AR I it B 2 T R /N A >9. 8 pm B TE
N240 £ PR F . A 4 207 ¥ 4F N180 - ¥ T A & MRECH S L,
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