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Objective: Rising temperatures due to climate change have caused serious
damage to agricultural production. This phenomenon increases plant water
demand, accelerates soil moisture evaporation, and reduces soil organic carbon,
thereby decreasing soil fertility and crop yield. Therefore, this study was
conducted to investigate the effects of fulvic acid and humic acid on water
productivity and nitrogen use efficiency in wheat under two soil types .

Methods: The experiment was carried out using a randomized complete block
design with three replications in the fields of Kizour, Sabzevar County, during
the 20202021 growing seasons. Treatments included cultivation of the wheat
cultivar Backcross Roshan in two soil types, clay loam and sandy loam (two
locations), and four foliar application levels of fulvic and humic acids (0, 5, 10,
and 15 g per thousand) applied at the tillering stage .

Results: The results showed that in both clay loam and sandy loam soils,
increasing the application rate of fulvic and humic acids increased total dry
weight and the number of grains per square meter, which consequently enhanced
grain yield. As a result, water productivity increased from 0.54 to 0.86 in clay
loam soil and from 0.38 to 0.58 in sandy loam soil. In sandy loam soil, the leaf
chlorophyll index also increased with higher application rates of fulvic and
humic acids .

Conclusion: The application of fulvic and humic acids improved physiological
processes, including enhanced cellular metabolism and increased leaf
chlorophyll content, which prolonged leaf longevity. These effects helped the
plant tolerate heat stress during sensitive growth stages (through increased
proline accumulation). Moreover, improved grain filling (higher thousand-grain
weight) increased the starch-to-protein ratio in the grain. Considering the
increase in the chlorophyll index after foliar application, fulvic and humic acids
can improve cellular metabolism and leaf chlorophyll content, thereby acting as
stress-mitigating agents during critical growth stages and extending the growing
season. Application of humic acid increased grain yield, although the magnitude
of yield improvement differed between clay loam and sandy loam soils.
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Extended Abstract

Introduction: Rising temperatures caused by climate change have caused serious damage to
agricultural production. This phenomenon damages soil fertility and agricultural yield by increasing
plant water requirements, accelerating soil moisture evaporation, and reducing soil organic carbon.
Humic and fulvic acid form bonds with water molecules and prevent water evaporation. On the other
hand, fulvic acid molecules (the micromolecular part of humic acid) penetrate plant tissues and, by
bonding with water molecules, reduce plant transpiration, which helps to conserve water within the
plant.

Materials and Methods: In order to study the effect of fulvic acid and humic acid on the physiological
efficiency of nitrogen use and water use in wheat, an experiment was conducted with a randomized
complete block design in location with three replications in the fields of Keyzor, Sabzevar County, in
2020-2021. The treatments included cultivation of Roshan backcross wheat in two types of clay-loam
and loam-sandy soils (two locations) at four levels of foliar application of fulvic acid and humic acid (0,
5, 10, and 15 g/1000) at the tillering stage.

Results: The results showed that in both clay-loam and loam-sandy soil types, the total dry weight and
number of seeds per square meter increased with increasing fulvic acid and humic acid application rates,
which in turn increased grain yield and, as a result, increased water use efficiency (from 0.54 to 0.86 in
clay-loam and from 0.38 to 0.58 in loam-sandy). In loam-sandy soil, the leaf chlorophyll index increased
with increasing fulvic acid and humic acid application. As the efficiency of nitrogen retransfer in leaves
and stems increases, grain nitrogen increases at the maturity stage, and this increase occurred linearly
and occurred in the efficiency range of 20-40% for leaves and 50-70% for stems.

Conclusion: Therefore, the application of fulvic acid and humic acid, through positive physiological
effects such as increasing metabolism within cells and also increasing the amount of chlorophyll in the
leaves, caused the leaves to last longer and acted as a heat stress modifier in sensitive stages of plant
growth (by increasing the amino acid proline). It also increased the starch to protein ratio in the grain
by improving grain filling (increasing the weight of one thousand grains).

Data Access Statement: The data supporting the findings of this study are derived from a field,
laboratory, and Iranian Meteorological Organization (IMO) work that is available to other researchers
through the corresponding author
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Table 1- Some physical and chemical properties of soil

. K p Organic EC
tei‘t’l:'re ((3(!/"’%’ Silt (%) S(f,‘/“)d N (%) . . Carbon . pH
0 0 mg kg* mg kg (%) dsm
ICIay 33 42 25 0.017 191 9.68 0.95 0.634 7
oam
Lom 20 10 70 0055 88 5.3 048  0.32 6.8
sand
555 Ngaaly €8 b Saged sl ¥ Jgo>
Table 2- Diamond Grove Company Humic Acid
Guaranteed Analysis
Humicacid+fulvic acid %65 Iron (Net) 15000ppm
Fulvic acid (dry basis, w/w) %10 Magnasium (Net) 1900ppm
Potassium(K20) %5 Manganese (Net) 50ppm
Nitrogen %1 Zinc (Net) 10ppm
Form Flake powder pH (%210 Solution) 9-11

1. Bates
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Fig 2 - Relationship between grain and total nitrogen at maturity and physiological nitrogen use efficiency
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