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Abstract: [ Objectives ] Critical nitrogen dilution curves (CNDCs) have been constructed for nitrogen nutrition

diagnosis in many crops. However, the acquisition of the main variable factor, biomass, requires destructive
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sampling, which significantly reduces the practical feasibility of these curves. We attempted to construct a critical
nitrogen dilution curve for flue-cured tobacco using accumulated growing degree days (AGDD, referred to as the
“AGDD curve” ) and compared the parameter values with those of the curve using shoot dry matter accumulation
(referred to as the “dry matter curve” ). [ Methods ] The field experiment was conducted in Linqu County,
Shandong Province, in 2023, using the flue-cured tobacco cultivar Zhongchuan 208. The experiment employed a
two-factor (planting date and nitrogen application rate) complete block design. The two transplanting dates were
April 30 and May 10. The nitrogen application rates included five levels: N1 (0 kg/hm?), N2 (45 kg/hm®), N3 (90
kg/hm®), N4 (135 kg/hm?), and N5 (180 kg/hm?). Aboveground dry matter accumulation in tobacco plants was
measured at key growth stages, including the rosette, vigorous growth, bud emergence, topping, and maturity
stages. Using a hierarchical Bayesian framework model and the Markov Chain Monte Carlo (MCMC) algorithm,
two critical nitrogen dilution curves for the aboveground dry matter accumulation of flue-cured tobacco were
constructed. One curve was driven by accumulated temperature (T-curve), and the other by aboveground dry
matter accumulation (M-curve). The ability of the two curves to differentiate between nitrogen-limited and non-
nitrogen-limited conditions was compared. The critical nitrogen concentration and nitrogen nutrition index were
calculated using measured data and fitted using the two curves to test the accuracy of the two curves. [ Results ]
Both planting date and N application rate significantly affected the aboveground dry matter accumulation of flue-
cured tobacco. The critical nitrogen dilution curves constructed with aboveground dry matter accumulation (PDM)
and accumulated growing degree days (AGDD) as driving variables, were Nc = 3.00 PDM ™" and N¢ = 2.32
AGDD™”, respectively. For the M-curve, the 95% posterior distribution ranges for parameters Al and A2 were
2.71-3.40 and 0.10—0.29, with mean values of 3.00 and 0.18, respectively. The curve’s uncertainty level ranged
from 0.14% to 1.76%, with relative uncertainties for A1 and A2 being 0.23% and 1.12%, respectively. The
discrimination ability between the nitrogen surplus group and the nitrogen deficit group was 75%. The normalized
root mean square error (n-RMSE) of the nitrogen nutrition index was 23%. For the T-curve: the 95% posterior
distribution ranges for parameters A1 and A2 were 2.23—2.41 and 0.23—-0.44, with mean values of 2.32 and 0.33,
respectively. The curve’s uncertainty level ranged from 0.12% to 1.12%, with relative uncertainties for A1 and A2
being 0.08% and 0.62%, respectively. The discrimination ability between the nitrogen surplus group and the nitrogen
deficit group was 82%. The normalized root mean square error (n-RMSE) of the nitrogen nutrition index was
13%. [ Conclusions ] Compared to the dry matter-based curve, the accumulated temperature-based curve offers
clearer differentiation between nitrogen deficit and nitrogen surplus conditions. The fitted nitrogen nutrition index
demonstrates a stronger linear correlation with the actual nitrogen nutrition index, evidenced by a lower
normalized root mean square error (n-RMSE) of 13%, indicating higher simulation accuracy. Given the
practicality and accessibility of accumulated temperature data, the critical nitrogen dilution curve developed using
accumulated temperature as the driving variable is well-suited for non-destructive diagnosis of nitrogen status in
flue-cured tobacco.

Keywords: flue-cured tobacco; critical nitrogen dilution curve; accumulated growth degree days;
shoot dry matter accumulation; nitrogen nutrition diagnosis; Bayesian statistics
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Table 1 Accumulated growth degree days (AGDD) at
monitoring date under the two transplanting dates
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Table 2 Shoot dry matter accumulation of tobacco under different treatment

Ak st ] P BUFERF ] Sampling date (momth/day)
Transplanting
d N level 6-13 628 7-05 7-13 7-18 7-24 820
ate

TRI1 NI 0.30+0.05b  0.76£0.09c¢  0.89£0.11¢  1.26x0.04d  2.46x0.29b 2.43+0.04 ¢
N2 0.45£0.13b  0.98£0.07b  1.47+0.14b 1.87+0.21cd 2.38+0.32b 4.23+0.45b
N3 0.80+0.05a  1.2240.02a  1.6120.02a  2.49+0.69 bc  2.63£0.34b  4.73£0.45 ab
N4 0.83£0.05a 1.30£0.07a  1.63x0.38a 3.23+0.18ab  3.87£0.30 a 4.730.25 ab
N5 0.80+0.15a  1.3440.09a  226+0.11a 3.62+030a  4.27+0.60 a 5.26£0.55a

TR2 N1 0.25£0.02¢  0.34+0.01b  0.48£0.02¢  1.51+0.27 ¢ 1.59+0.01¢c  2.87+0.08 b
N2 0.28£0.08b  0.51+0.01b  0.86£0.17 bc  1.76+0.08 bc  1.92+0.62bc  3.33x0.10 b
N3 0.34£0.01 ab ~ 0.50£0.08 b  1.1620.28b  2.73:0.29abc  2.91+0.13ab  4.24+0.89 a
N4 0.39+0.01ab  0.77£0.12a  1.63:0.09a  3.18+0.30 a 3.60£0.19 ab  3.99+0.56 ab
N5 0.41£0.08a  0.86+0.17a 1.63£022a  3.04£0.90ab  4.04£035a  4.62+0.32a

7525438t ANOVA FA{f F-value

FEAXINHE] (TR) 657.73" 176.60™ 111.74™ 8.94" 77.63*

Transplanting date

% N level (N) 20.56™ 18.81** 26.29* 9.79* 27.34"

TRxN 6.44° 3.32° 2.86m 0.98m 2.67m

W TRI—H30HB#; TR2—5H 100 A4k, N1, N2, N3, N4, N5/ HIZFRRZALMHE0, 45, 90, 135, 180 kg/hm?, [AIFEkd 5 AN )
INE T F R Al — B AR i [ AN TRl e A B ) 25 5735 30 0. 05 . K o 7 2843 HrHh, == oy Sl 3 /s AR s 35 510.05F10.01 5 7K, ns

FORTRER . RO N AT AL, MmN EE R

Note: TR1—Transplanted on April 30th; TR2—Transplanted on May 10th. N1, N2, N3, N4, and N5 represent nitrogen fertilizer application rates of

0, 45, 90, 135, and 180 kg/hm? respectively. Different lowercase letters after data in the same column indicate significant difference among different

nitrogen level treatments at the same transplanting date (P<0.05). In ANOVA, * and ** indicate the effect of variable at 0.05, and 0.01 significant

level, respectively, and ns indicates no significant effect. The bold part represents the nitrogen deficit group, and the light part represents the nitrogen

surplus group.
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Note: AGDD—Accumulated growth degree days. The solid line is shoot critical nitrogen dilution curve, and between the two dashed line represents

the positive or negative 95% confidence interval of the curve.
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curve and accumulated growth degree days (AGDD) curve, respectively.
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Note: Fig. a and b show the results calculated by dry matter weight curve and accumulated growth degree days (AGDD) curve, respectively.
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