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Year Residual df Treatment Genotype Genotype:Treatment
2018 22 p = 0.00089 p = 4.704e-14 p = 0.00019
2020 24 p > 0.1 p > 0.1 p > 0.1
2021 33 p > 0.1 0.00049 p > 0.1
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Extended Data Fig. 4 | Further data from trial in Argentina. (a) The percentage 
contributions of grain number and grain size to yield increase of DMNB-T6P 
treatment compared to control from the field trials in Argentina 2018, 2020, 
2021, 2022. Calculated as % grain number increase/ % grain yield increase x 100 
and % grain size increase/ % grain yield increase x 100 as overall average for each 
genotype. (b) Protein content % in response to DMNB-T6P spray. Three spring 

wheat varieties DM Ceibo, MS INTA 415 and Saeta grown 2018–2021 at two dose 
rates of DMNB-T6P in 2018, 2020 and three dose rates of DMNB-T6P in 2021 
compared to control with no DMNB-T6P. Each data point represents an individual 
plot. F statistics: 2018: 9.84, 168, 8.97; 2020: 0.14, 0.18, 1.08; 2021: 1.71, 9.69, 1.77. 
Degrees of freedom: 2018: 2, 2, 4; 2020: 2, 2, 4; 2021: 2, 3, 6.
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Extended Data Fig. 5 | Gene expression of nitrogen-related genes in wheat. 
Data annotated according to Chinese Spring IWGSC RefSeq v1.1 reference 
genome assembly [Ensembl Plants; https://plants.ensembl.org/Triticum_
aestivum/Info/Index; Yates A. D. et al. Ensembl Genomes 2022: an expanding 
genome resource for non-vertebrates. Nucleic Acids Research 50, D996–D1003 
(2022). 10.1093/nar/gkab1007], 4 and 24 h after DMNB-T6P treatment compared 
to control. Log2-fold change from four biological replicates per condition. 

Log2-fold values are capped to ±2. Ammonium transmembrane transport, 
arginine metabolic processes, aspartate family amino acid biosynthetic process, 
branched amino acid biosynthetic process, glutaminyl-tRNA aminoacylation, 
isoleucine biosynthetic process, L-alanine transamination, leucyl-tRNA 
aminoacylation, methionyl-tRNA aminoacylation, nitrate metabolic process, 
serine family amino acid biosynthetic process, valine metabolic process.

http://www.nature.com/naturebiotechnology
https://plants.ensembl.org/Triticum_aestivum/Info/Index
https://plants.ensembl.org/Triticum_aestivum/Info/Index
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Extended Data Fig. 6 | Higher magnification x 20 of transverse section at 20 DAA of DMNB-T6P treated grain. From Fig. 4cii, SE = sieve elements.

http://www.nature.com/naturebiotechnology
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Extended Data Fig. 7 | Gene expression of trehalose phosphate synthases and 
phosphatases. (a) Trehalose phosphate synthases in wheat grain [annotated 
according to Plant Physiology 177, 12–23 (2018), 10.1104/pp.17.01634] 4 and 24 h 
after DMNB-T6P treatment compared to control. Log2fold change from four 
biological replicates per condition. Log2fold values are capped to ±2. (b) Gene 

expression of trehalose phosphate phosphatases in wheat grain [annotated 
according to BMC Plant Biology 22, 120 (2022), 10.1186/s12870-022-03504-0],  
4 and 24 h after DMNB-T6P treatment compared to control. Log2fold change  
from four biological replicates per condition. Log2fold values are capped to ±2.

http://www.nature.com/naturebiotechnology
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Extended Data Fig. 8 | Chl fluorescence ambient photosynthetic photon flux 
density (PPFD). Measurements are indicated by (a) year and (b) dosage. There 
was no significant difference between treatments for ambient PPFD at the time of 
measurement, indicating that differences in light intensity are not a contributing 
factor to differences seen between genotypes or treatments. Box plots range 
from the first (Q1) to the third quartile (Q3) of the distribution and contain the 

25th to 75th percentiles of dataset, respectively, representing the interquartile 
range (IQR). The centre line inside each box represents the median value (50th 
percentile). Whiskers extending below Q1 and above Q3 denote minimum 
and maximum values of the dataset within 1.5 x IQR from the 25th and 75th 
percentiles, respectively.

http://www.nature.com/naturebiotechnology
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Extended Data Fig. 9 | Additional photographic data. (a) Sorghum treated 
with DMNB-T6P to reproductive structures. 8 ml per spike of 2 mM DMNB-T6P 
spray applied at 7 and 14 DAA (left) compared to spray with no DMNB-T6P (right). 
Plants were fully hydrated until anthesis when exposed to drought to 60% of pot 

weight until harvest. (b) i-vi: Wheat growing at National Institute of Agricultural 
Research (INTA) Oliveros Research Station, Santa Fe Argentina. DM Ceibo, Saeta 
and MS INTA 415 spring in 2022 at 20 DAA: i, iii, v control plots; ii, iv, vi plots 
sprayed with dose 3 of DMNB-T6P. vii Landscape view from 2021 at 15 DAA.

http://www.nature.com/naturebiotechnology
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | Additional data plot formats. (a) Varied scale boxplots 
of three spring wheat varieties DM Ceibo, MS INTA 415 and Saeta grown  
2018–2022 in wet and dry years at two dose rates of DMNB-T6P in 2018, 2020 
and three dose rates in 2021, 2022 compared to control with no DMNB-T6P. 
p < 0.0001, 0.065, 0.0348, 0.010 for 2018, 2020, 2021, 2022, respectively. Each  
data point represents an individual field plot. Median is shown as box line.  
(b) Varied scale boxplots of grain number per m2 in response to DMNB-T6P spray 
over four seasons. Three spring wheat varieties DM Ceibo, MS INTA 415 and Saeta 
grown 2018–2022 at two dose rates of DMNB-T6P in 2018, 2020 and three dose 
rates of DMNB-T6P in 2021, 2022 compared to control with no DMNB-T6P. Each 
data point represents an individual plot. Median is shown as box line. (c) Variable 
scale boxplots Individual grain weight (mg) in response to DMNB-T6P spray over 
four seasons. Three spring wheat varieties DM Ceibo, MS INTA 415 and Saeta 
grown 2018–2022 at two dose rates of DMNB-T6P in 2018, 2020 and three dose 
rates of DMNB-T6P in 2021, 2022 compared to control with no DMNB-T6P. Each 
data point represents an individual plot. Median is shown as box line. (d) Variable 
scale boxplots as equivalent plot to A, also showing mean (red diamond) and 
the Standard Error of Difference (SED) for comparisons between pairs of means 
for combinations of genotype and treatment. (e) Variable scale boxplots as 
equivalent plot to B, also showing mean (red diamond) and SED for comparisons 
between pairs of means for combinations of genotype and treatment. (f ) Variable 
scale boxplots as equivalent plot to C, also showing mean (red diamond) and 
SED for comparisons between pairs of means for combinations of genotype 
and treatment. (g) Mean grain yield (kg ha−1) from four field experiments over 
four separate occasions (years), showing overall means for each T6P treatment 
(black dots and lines) and means for each genotype for each T6P treatment (red 
dot – Ceibo, blue dot – INTA415, green dot – Saeta). SEDs shown for comparisons 
between pairs of overall T6P treatment means (SED type A) and for comparisons 
between pairs of means for combinations of genotype and T6P treatment (SED 
type B), based on 34, 24, 33, and 33 degrees of freedom for the 2018, 2020, 
2021 and 2021 experiments, respectively. For all experiments except 2018 the 
replication levels are the same for all treatments, but for the 2018 experiment the 
T6P plots were only measured for 5 of the 6 replicate blocks – the SED A shown 
(145.6) is for comparing the means for the two T6P doses, with a smaller SED 
(139.4) for comparing the mean for the Control with that for either of the T6P 
doses; the SED B shown (252.1) is for comparing means for two treatments with 
this lower replication level (that is comparisons between genotypes at either T6P 
dose, or between doses for each genotype), with smaller SEDs for comparing 
the mean for the Control treatment with that for either dose for each genotype 
(241.4) and for comparing means for genotypes for the Control treatment 

(230.2). (h) Mean grain number per m2 from four field experiments over four 
separate occasions (years), showing overall means for each T6P treatment (black 
dots and lines) and means for each genotype for each T6P treatment (red dot 
– Ceibo, blue dot – INTA415, green dot – Saeta). SEDs shown for comparisons 
between pairs of overall T6P treatment means (SED type A) and for comparisons 
between pairs of means for combinations of genotype and T6P treatment (SED 
type B), based on 34, 24, 33, and 33 degrees of freedom for the 2018, 2020, 
2021 and 2021 experiments, respectively. For all experiments except 2018 the 
replication levels are the same for all treatments, but for the 2018 experiment the 
T6P plots were only measured for 5 of the 6 replicate blocks – the SED A shown 
(333.7) is for comparing the means for the two T6P doses, with a smaller SED 
(319.5) for comparing the mean for the Control with that for either of the T6P 
doses; the SED B shown (578.0) is for comparing means for two treatments with 
this lower replication level (that is comparisons between genotypes at either T6P 
dose, or between doses for each genotype), with smaller SEDs for comparing 
the mean for the Control treatment with that for either dose for each genotype 
(553.4) and for comparing means for genotypes for the Control treatment (527.6). 
(i) Mean individual grain weight (mg per grain) from four field experiments over 
four separate occasions (years), showing overall means for each T6P treatment 
(black dots and lines) and means for each genotype for each T6P treatment (red 
dot – Ceibo, blue dot – INTA415, green dot – Saeta). SEDs shown for comparisons 
between pairs of overall T6P treatment means (SED type A) and for comparisons 
between pairs of means for combinations of genotype and T6P treatment (SED 
type B), based on 34, 24, 33, and 33 degrees of freedom for the 2018, 2020, 
2021 and 2021 experiments, respectively. For all experiments except 2018 the 
replication levels are the same for all treatments, but for the 2018 experiment the 
T6P plots were only measured for 5 of the 6 replicate blocks – the SED A shown 
(0.441) is for comparing the means for the two T6P doses, with a smaller SED 
(0.422) for comparing the mean for the Control with that for either of the T6P 
doses; the SED B shown (0.764) is for comparing means for two treatments with 
this lower replication (that is comparisons between genotypes at either T6P dose, 
or between doses for each genotype), with smaller SEDs for comparing the mean 
for the Control treatment with that for either dose for each genotype (0.731) 
and for comparing means for genotypes for the Control treatment (0.697). Box 
plots a-f range from the first (Q1) to the third quartile (Q3) of the distribution and 
contain the 25th to 75th percentiles of dataset, respectively, representing the 
interquartile range (IQR). The centre line inside each box represents the median 
value (50th percentile). Whiskers extending below Q1 and above Q3 denote 
minimum and maximum values of the dataset within 1.5 x IQR from the 25th and 
75th percentiles, respectively.
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