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Abstract
As soybean (Glycine max L.) demand continues to rise amid growing climate uncer-

tainty, enhancing the crop’s resilience to water scarcity and flooding has become

vital for sustainable production. The present study investigated impact of foliar appli-

cations of Carrabiitol, a patented oligosaccharide polyol, on soybean growth and

yield across the diverse agro-ecological zones of Himachal Pradesh, India. The study

encompassed three ecological zones: Zone I (Akrot), a sub-montane low-hill sub-

tropical zone; Zone II (Palampur), a mid-hill sub humid zone and Zone III (Awarna),

high-hill temperate wet zone. Treatments consisted of four Carrabiitol application

rates: T1 (50 g ha−1), T2 (75 g ha−1), T3 (125 g ha−1), and T4, the control (0 g

ha−1). Soybean growth and yield responses were evaluated based on plant height,

number of branches per plant, number of pods per plant, number of seeds per pod,

seed weight, seed yield, straw yield, and harvest index. Notably, soybean response

to the application of 75 and 125 g Carrabiitol ha−1 outperformed the untreated con-

trol treatment in all climate zones. The soybean response to Carrabiitol was in the

sub-montane low-hill subtropical zone (Zone II), and the most effective treatment

was Carrabiitol at 125 g ha−1. In Zone I, where temperatures were higher and rain-

fall was lower compared to Zone II, this treatment increased soybean seed yield by

54.3%. These findings suggest that Carrabiitol can help mitigate the adverse impact

of unfavorable climatic conditions.

Plain Language Summary
This study explored how Carrabiitol, a patented sugar-based plant formulation,

affects soybean growth and yield in different regions of Himachal Pradesh, India.

Trials were conducted in three zones with varying climates: low hills (Zone I),

mid hills (Zone II), and high hills (Zone III). Soybean crops were treated with

different Carrabiitol doses—50, 75, and 125 grams per hectare—compared to a

Abbreviations: DAS, days after sowing; LSD, least significant difference; SEM, standard error of mean.
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control group without the spray. Researchers measured plant height, number of

branches, pods, seeds, and overall yield. Results showed that the 75 and 125 g/ha

doses significantly boosted plant growth and yield across all zones. The best overall

growth was observed in the mid hills (Zone II), likely due to favorable weather.

However, the highest seed yield increase (54.27%) occurred in the low hills (Zone I),

where conditions were hotter and drier. The study concludes that Carrabiitol helps

soybeans cope with climate stress and improves productivity.

1 INTRODUCTION

Soybean (Glycine max L.) is an important leguminous oilseed

crop that is cultivated using an array of cropping systems

under a wide range of agro-ecological conditions (Kaur et al.,

2020). India ranks fifth in soybean cultivation after Brazil,

United States, Argentina, and China (Agarwal et al., 2013).

In India, the production of soybean for the year 2020–2021

is projected at around 12.9 metric tons from an area of 12.8

million ha. India is divided into six agro-climatic zones,

namely, northern plain zone, northern hill zone, eastern zone,

northeastern hill zone, southern zone, and central zone, for

cultivation of soybean (Dupare, 2023). Each of these zones

has different limiting factors ranging from high temperatures

to erratic rainfall (Agarwal et al., 2013; Kaur et al., 2020).

For small farms, techniques to reduce these yield barriers are

needed.

Soybean contains from 32% to 42% of protein and from

18% to 20% of oil contents. These values are higher than many

other legumes or pulses (Cheng et al., 2019). In addition,

it fixes atmospheric nitrogen through a symbiotic associa-

tion with rhizobia (Adjei-Nsiah et al., 2022). Soybean crops

are cultivated in environments ranging from frigid to ther-

mic. However, it grows best in warm temperate climates with

adequate water (Coleman et al., 2021).

In many areas soybean yields have been increasing (Joshi

et al., 2025). In central United States, yield increases are

attributed to better genetics and improved soil health. In India,

soybean yield increases due to the increased use of chemical

fertilizers and the use of high-yielding varieties. However, this

increased use of chemical fertilizers has the potential to have

a detrimental impact on environmental health. Therefore, it is

crucial to seek out and implement sustainable solutions that

do not have a negative impact on the environment.

Soybeans are extremely vulnerable to moisture-deficient

conditions during the blooming, legume formation, and seed

development stages. Water stress is a major abiotic issue that

limits the growth of soybeans and can reduce yields by up

to 40% or more (El Sabagh et al., 2015). Similarly, water-

logging is a widespread phenomenon drastically reducing the

growth and production of soybean in many regions of the

world, mostly due to the occurrence of flat topography, high

water tables, and poor drainage in clay-like soils (Jitsuyama,

2017). Oxidative stress is one of the major consequences in

plants exposed to water-deficit or waterlogging conditions,

resulting from massive generation of reactive oxygen species

in different forms and in different subcellular compartments

(Hasanuzzaman et al., 2022). This oxidative stress can be

overcome by application of different osmo-protectants.

Generally, plants release low molecular weight

biomolecules to combat oxidative stress, known as osmolytes,

such as sugar, sugar alcohols, proline, and betaines, among

others. These compounds have the potential to help plants

tolerate abiotic stresses. However, little research has been

conducted to support this hypothesis. Therefore, research

is needed to explore the impact of organic osmolytes

derived from natural sources on plant resilience. Effect

of Carrabiitol, a novel oligosaccharide polyol composi-

tion, was previously evaluated on fenugreek (Trigonella
foenum-graecum), sorghum (Sorghum bicolor), and tomatoes

(Solanum lycopersicum) (Patel et al., 2023, 2024).

Carrabiitol is a novel, pH-agnostic, and compositionally

stable oligosaccharide polyol, uniquely formulated without

bioactive contaminants and designed to function as an osmo-

protectant. It represents a new class of biostimulants known

as Single Biostimulant Molecules, which offer a significant

departure from traditional, multi-component formulations

that often comprise ill-defined mixtures of bioactive sub-

stances. Derived from biological sources, Carrabiitol has

a well-characterized mode of action and confers enhanced

tolerance to abiotic stresses by promoting the endogenous

release of osmolytes such as proline, sucrose, and glucose,

thereby preserving cellular osmotic balance and protecting

membranes and macromolecules under adverse conditions

(Patel et al., 2024). Its agronomic efficacy has been vali-

dated in accordance with CEN/TS 17700, and it has been

certified under CE marking (PFC 6B—Non-microbial Plant

Biostimulant) as per EU Regulation FPR 2019/1009.

This research had promising results and suggested that

Carrabiitol can improve plant tolerance to abiotic stress. Simi-

lar research is needed in soybeans. Therefore, the objective of

this study was to investigate the impact of foliar applications
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of Carrabiitol on soybean growth and yield across the diverse

agro-ecological zones in Himachal Pradesh, India.

2 MATERIALS AND METHODS

2.1 Experimental design and treatments

Carrabiitol is a patented product that was prepared by the Agri

Biochem Research Lab, Panoli, Gujarat (Shah & Patel, 2020).

The study was conducted in three ecological zones where the

soybean cultivar Harit Soya was planted in 2022. The three

ecological zones were:

1. Zone I: Sub-montane low-hill subtropical zone (Akrot,

31˚28′05.5″ N, 76˚16′10.0″ E)

2. Zone II: Mid-hill sub-humid zone (Palampur, 32˚07′11.3″

N, 76˚33′19.0″ E)

3. Zone III: High-hill temperate wet zone (Awarna,

31˚51′06.8″ N, 77˚09′02.7″ E)

A preliminary study was carried out to optimize Carrabiitol

doses and based on those results, three doses were selected.

50 g ha−1 (T1), 75 g ha−1 (T2), and 125 g ha−1 (T3) Carrabi-

itol doses along with control (0 g ha−1, T4) were selected to

check the efficacy on growth and yield of soybean. The exper-

iment was conducted in a randomized block design with three

replications. Each plot measured 20 m2, with a plant density

of 10–15 cm and row spacings of 45 cm.

Soybean seeds (approximately 0.5 million seeds ha−1) were

sown on June 18, 20, and 24, 2022 at Palampur, Awarna and

Akrot zones, respectively with the first rain in well drained

sandy loam soil having pH 5–6.8. nitrogen, phosphorus, and

potassium fertilizer was given in a ratio of 20:60:40 kg ha−1 in

high rain fall area, whereas 20:30:30 was used in low rainfall

area. To control weed, Goal (oxyflourfen) Pre-Targa Super +
Quirin was sprayed at the rate of 1.0 L ha−1.

Carrabiitol treatments were applied at (1) two to three leaf

stage (2) flowering stage and (3) pod formation stage with a

spray volume of 500 L ha−1 using Knapsack sprayer fitted

with hollow cone nozzle.

2.2 Data collection

The growth parameter, plant height (cm) was recorded at 30

DAS (days after sowing), 60 DAS, 90 DAS, and at the time of

harvest. The yield parameters, namely, number of branches

per plant, number of pods per plant, number of seeds per

pod, seed weight (g), seed yield (kg ha−1) and straw yield (kg

ha−1) were assessed at the time of harvest. The harvest index

was calculated following Elobeid (2010) using the following

equation:

Core Ideas
∙ Carrabiitol, a novel active formulation, enhanced

soybean growth and yield across diverse agro-

ecological zones.

∙ Soybean exhibited highest response to Carrabiitol

application at 75 and 125 g ha−1.

∙ Carrabiitol increased maximum seed yield by

54.3% in the low-hill subtropical zone, where

temperature was higher.

∙ Carrabiitol increased pod formation by 22% under

water-deficient condition.

∙ Foliar application of Carrabiitol aided soybean

plants in alleviating the detrimental effect of

climate change.

% harvest index = 100 × (Seed yield per plant∕

Above ground biomass)

Soil samples collected at a depth of 0–15 cm from the

study sites were analyzed for pH, electrical conductivity (EC),

organic carbon (g kg−1), available nitrogen (kg ha−1), avail-

able phosphorous (kg ha−1) and available potassium (kg

ha−1). The details of the methods are provided in Table 1.

2.3 Data analysis

The experimental data of each parameter at each agro-

ecological zone was analyzed by one-way analysis of variance

(ANOVA) and the significant effects were evaluated at p
≤ 0.05. The significant difference between treatment means

was compared by Fisher’s post hoc LSD (least significant

difference) tests. The standard error of mean and LSD at

5% probability was reported for each ANOVA analysis. The

results of all four treatments and three locations were used

for factorial Anova using Design-Expert software (Design-

Expert 7.0.0, State Ease, Inc.). Mean values were used to

generate interaction chart between Carrabiitol treatments and

zone.

3 RESULTS

3.1 Climatic conditions

During the study period, the temperature of the three sites

was moderate from June to August and then declined from

September to October. The highest temperature was recorded

in June, while the lowest temperature occurred in October, in
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T A B L E 1 Soil attributes and methods employed for their valuation.

Attributes Details
pH Glass electrode pH meter, (Jackson, 1967)

EC Electrical conductivity (dS/m), digital electrical conductivity meter (Jackson, 1973)

OC (%) Organic carbon (%), rapid titration method (Walkley & Black, 1934)

N Available nitrogen (kg ha−1), alkaline permanganate method, (Subbiah & Asija, 1956)

P Available phosphorus (kg ha−1), ammonium molybdate blue color method, (Olsen et al., 1954)

K Available K (kg ha−1), neutral normal ammonium acetate extraction method, (AOAC, 1970)

T A B L E 2 Meteorological data for the period of study at three different zones.

Month

Temperature (˚C) Relative humidity (%)

Rainfall (mm)
Number of rainy
daysMax Min M E Mean

Zone I (Akrot)

June 39.5 24.4 NA 44.8 6

July 32.7 24.8 NA 272.7 11

August 32.9 25.3 NA 79.4 7

September 31.4 22.5 NA 206.4 10

October 29.0 17.0 NA 2.8 1

Zone II (Palampur)

June 30.9 19.4 57.4 46.7 52.1 130.6 9

July 27.4 19.8 92 83.8 87.9 587.4 25

August 27.1 19.3 89.8 83.1 86.5 853.8 23

September 26.3 17 87.4 80.8 84.1 254.2 16

October 25 12.5 76.7 59.4 68.1 38.6 5

Zone III (Awarna)

June 32.4 15.2 76 39 57 67.5 12

July 31.2 20.9 85 58 72 172 19

August 30.8 20.5 86 56 71 190.6 17

September 30.1 17.3 83 53 68 67.2 8

October 27.7 9.1 86 44 65 54.5 4

Abbreviations: E, evening; M, morning; NA, not applicable.

T A B L E 3 Soil analysis of samples collected from the three agro-ecological zones.

Soil parameters Zone I (Akrot) Zone II (Palampur) Zone III (Awarna)
pH 6.80 5.54 5.43

Electrical conductivity dS m−1 1.382 0.284 0.248

Organic carbon g kg−1 7.6 10.6 12.6

Available nitrogen kg ha−1 245.3 350.4 316.7

Available phosphorus 28.6 18.2 14.6

Available potassium 268.0 246.4 226.2

each zone. Relative humidity exceeded 50% throughout the

study period in Zones II and III. October received the least

rainfall compared to other months. Detailed climatic data for

the studied zones are presented in Table 2.

Soil data for each zone are presented in Table 3. Soil param-

eter results reveal distinct differences among the zones. Zone I

has a slightly neutral pH, whereas Zones II and III have acidic

pH. The EC in soil of Zone I, at 1.382 dS m−1, indicates mod-

erate salinity, which may impede water absorption and cause

nutrient imbalances in plants. In contrast, Zones II and III have

EC values ranging from 0.24 to 0.28 dS m−1, indicating non-

saline soil. Organic carbon was found to be moderate in Zone I
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T A B L E 4 Effect of different dosage of Carrabiitol on growth parameters of soybean.

Plant height (cm)
Zone Treatments 30 DAS 60 DAS 90 DAS At harvest
Zone I T1 37.10a 75.40a 93.57a 98.67a

T2 38.10a 77.80a 96.58a 102.00a

T3 38.70a 78.50a 97.70a 104.30a

T4 35.00a 58.75b 76.99b 81.58b

SEM 0.81 4.67 4.82 5.15

LSD NS 8.76 9.89 12.41

Zone II T1 35.30ab 78.40a 102.30a 106.80a

T2 37.20ab 81.20a 107.00a 112.00a

T3 39.10ac 83.00a 109.50a 115.30a

T4 32.30b 62.30b 81.83b 88.00b

SEM 1.45 4.74 6.29 6.10

LSD 4.63 7.92 9.40 9.17

Zone III T1 27.30ab 57.80ab 76.87a 80.57a

T2 28.00b 60.60a 82.00ab 85.67ab

T3 28.80b 63.50a 85.30b 88.53b

T4 25.67a 51.77b 66.67c 70.50c

SEM 0.67 2.50 4.07 3.96

LSD 2.20 6.29 5.74 5.51

Note: Means followed by the same letter within each DAS are not significantly different (p < 0.05) according to the LSD test.

Abbreviations: DAS, days after sowing; LSD, Least Significance Difference; NS: non-significant; SEM, standard error of mean.

but adequate in Zones II and III. Available nitrogen was suffi-

cient in all three zones. Available phosphorous was moderate

in Zone I but deficient in Zones II and III. Available potassium

content was adequate in all three zones.

3.2 Growth and yield attributes of soybean

The results of soybean growth attributes are presented in

Table 4. The plant height significantly increased from 30 to 90

DAS across all treatments (T1–T4) in the three studied zone,

with no significant increase thereafter.

Foliar application of Carrabiitol significantly enhanced

plant height compared to control plants (T4) (p < 0.05).

Among Carrabiitol treatments, T1 resulted in the shortest

plants, while T2 and T3 showed similar heights with no

significant difference. In each zone, T3 treatment produced

tallest plant. In Zone I, no significant difference was observed

between the control and Carrabiitol-treated plants at 30 DAS.

In Zone II, higher dosage of Carrabiitol (T3) effectively

enhanced plant height at 30 DAS, while in Zone III, even the

lower dosage (T2) significantly enhanced plant height along

with T3 at 30 DAS (p < 0.05).

At 60 DAS, T3 (125 g ha−1) treatment increased plant

height by 33.61%, 33.22%, and 22.66% in Zones I, II, and

III, respectively. Similarly, at 90 DAS, T3 treatment increased

plant height by 26.90%, 33.81%, and 27.94% in Zones I, II,

and III, respectively. Table 4 shows that Carrabiitol treatments

in Zone II resulted in significantly taller plants compared to

Zones I and III.

Zone II recorded the highest number of branches and

pods per plant, while Zone III has the lowest (Figure 1a,b).

Across all experimental zones, T2 and T3 treatments signif-

icantly increased the number of branches compared to the

control (T4) (p < 0.05) with no significant difference among

different Carrabiitol applications. In Zone II, all treatments

(T1–T3) significantly enhanced branch numbers compared to

the control (p < 0.05). In contrast, Zone I and III showed

no significant differences in branch numbers between T1 and

control (T4).

Figure 3e illustrates that Zone II was the most responsive

to treatments, with non-uniform effects across different zones.

Compared to the control (T4), treatment T3 increased branch

number by 23.88%, 24.86%, and 21.50% in Zone I, II, and III,

respectively. In Zones II and III, all treatments significantly

enhanced pod number compared to the control (p < 0.05). In

Zone I, only T2 and T3 treatments showed significantly higher

pod numbers compared to the control (p < 0.05).

Figure 3f illustrates that Zone III has lowest response com-

pared to Zone I and Zone II. Treatment T3 increased pod

numbers by 17.88%, 17.92%, and 22.22% in Zone I, II, and III

respectively, compared to the control. In Zone II and III, all

Carrabiitol treatments significantly increased seed numbers

compared to the control (p < 0.05). However, in Zone I, no
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F I G U R E 1 Effect of different treatment of Carrabiitol on (a) number of branches; (b) number of pods; (c) number of seeds/pod; and (d) seed

weight (g) of soybean evaluated at three agro-ecological zones. The agro-ecological zones included Zone I: Submontane low-hill subtropical zone,

Zone II: Mid hill-subhumid zone, and Zone III: High-hill temperate wet zone. Treatments consisted of four Carrabiitol application rates: T1 (50 g

ha−1), T2 (75 g ha−1), T3 (125 g ha−1), and T4, the control (0 g ha−1). The means not sharing a common letter are significantly different by post hoc

least significant difference (LSD) test at 5% level of significance. Data presented are means ± standard errors.

significant difference in seed numbers was observed between

treatment T1 and the control (T4).

Under Carrabiitol treatment T3 (125 g ha−1), seed num-

bers increased by 29.44%, 12.92%, and 15.59% in Zones I,

II, and III, respectively, compared to the control (Figure 1c).

Figure 3g illustrates that Zones II and I responded similarly

to Carrabiitol Treatment T3. Across all zones, T3 treatment

yielded similar numbers of branches, pods, and seeds as T2

treatments. Seed weights were significantly enhanced in T3

(Zone I), T2 and T3 (Zone II), and T1, T2, and T3 (Zone

III) compared to the control (T4) (p < 0.05). T3 treatments

increased seed weight by 16.48%, 10.27%, and 6.70% in

Zones I, II, and III, respectively, compared to the control (T4)

(Figure 1d). Figure 3h shows that Zone I was most responsive,

followed by Zone II.

Carrabiitol treated plants showed significant enhancements

in seed and straw yields compared to control in each zone

(p < 0.05). Across treatments, Zone II consistently yielded

the highest seed and straw yields, followed by Zone I and then

Zone III (Figure 2a,b). Compared to the control (T4), T3 treat-

ment increased seed yields by 54.38%, 46.67%, and 53.58% in

Zones I, II, and III, respectively. Straw yields were enhanced

by 24.70%, 40.00%, and 41.97% in T3 of Zones I, II, and III,

respectively. Notably, seed and straw yields under T3 were

comparable to those under T2 in each zone.

Figure 3i,j illustrates that Zone II achieved the highest seed

and straw yield with increasing Carrabiitol doses, surpassing

Zone I and Zone III.

Analysis of mean values revealed no significant dif-

ferences in seed and straw yields among different
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F I G U R E 2 Box plot showing the effect of different treatments of Carrabiitol on (a) seed yield (kg ha−1); (b) straw yield (kg ha−1); and (c)

harvest index (%) of soybean evaluated at three different agro-ecological zones. The agro-ecological zones included Zone I: Submontane low-hill

subtropical zone, Zone II: Mid hill-subhumid zone, and Zone III: High-hill temperate wet zone. Treatments consisted of four Carrabiitol application

rates: T1 (50 g ha−1), T2 (75 g ha−1), T3 (125 g ha−1), and T4, the control (0 g ha−1). The means not sharing a common letter are significantly

different by post hoc least significant difference (LSD) test at 5% level of significance.

Carrabiitol applications within each zone. The harvest

index was similar across zones. In Zones II and III, no

significant differences in harvest index were observed among

Carrabiitol applications. However, in Zone I, the harvest

index was significantly enhanced by 25.30% and 22.66% in

T2 and T3, respectively, compared to control T4 (p < 0.05)

(Figure 2c).

4 DISCUSSION

Soybean is typically cultivated in warm areas of India’s trop-

ics, subtropics, and temperate zones. Ideal temperature for

soybean production ranges from 20˚C to 30˚C, while temper-

atures above 35˚C can limit yield. Adequate moisture, with

400–500 mm of water per season, is essential for productive

yields.

Specifically, high moisture levels are critical during germi-

nation, blossoming, and pod formation, whereas dry weather

is necessary for ripening. Even with minimal in-crop rain

(180 mm), soybeans can still grow and produce, albeit with

a 40%–60% yield reduction compared to ideal conditions.

The optimal rainfall for maximum soybean production ranges

from 500 to 1000 mm (ASCI, 2023). In the present study,

climatic conditions were found to be different during the

studied period in each zone, which was the reason behind

selecting different zones of Himachal Pradesh to evaluate the

effect of Carrabiitol on the yield of soybean under climate

change.

Extreme temperatures, reaching 39.5˚C and 24.4˚C during

seed germination, characterized the submontane low-hill sub-

tropical zone (Zone I). Throughout the soybean life cycle, high

temperatures and inadequate rainfall (2.8–272.7 mm) hin-

dered optimal production. Consequently, soybean seed yield
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F I G U R E 3 Interactive charts between different treatment of Carrabiitol and three agro-ecological Zones, on (a, b, c, and d) plant height at 30

days after sowing, 60 days after sowing (DAS), 90 DAS, and at harvest stage; (e), number of branches; (f), number of pods; (g), number of seeds/pod;

(h), seed weight (g); (i) seed yield (kg ha−1); and (j) straw yield (kg ha−1). Evaluation was carried out at three agro-ecological zones. B1 1 (Red)

represents Zone I: Submontane low-hill subtropical zone; B2 2 (Green) represents Zone II: Mid hill-subhumid zone; and B3 3 (Blue) represents Zone

III: High-hill temperate wet zone. The vertical error bars indicate variability or confidence intervals. Non-parallel lines indicate an interaction

between treatment and zone.
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F I G U R E 3 Continued

plummeted by 25.46% compared to Zone II, the mid hill sub-

humid zone in Palampur. In contrast, Zone II received optimal

rainfall (38.6–853.8 mm) with 78 rainy days and experienced

favorable temperatures (12.5˚C–30.9˚C), supporting healthier

soybean production. Additionally, the non-saline soil, higher

organic carbon content, and available nitrogen and potassium

in Zone II, Palampur, created a favorable environment for opti-

mal soybean production (Table 3). In contrast, Zone III, the

high-hill temperate wet zone in Awarna, experienced extreme

temperature fluctuations, with a high of 32.4˚C in June and

a low of 9.1˚C in October. These uncertain climatic con-

ditions directly limited pod formation and soybean growth.

Zone III experienced 60 rainy days with rainfall ranging from

54.5 to 190.6 mm. Compared to Zone II, the number of pods

per plant decreased by 21.79% under Zone III’s control treat-

ment. These findings are supported by Anda et al. (2020), who

noted that water deficits during soybean’s reproductive stage

shorten the effective period for pod formation and grain fill-

ing, resulting in lower pod formation. However, Carrabiitol

treatment T3 increased pod formation by 22.22%, nearly off-

setting the reduction. This suggests that Carrabiitol is effective

against uncertain climatic changes, likely due to its enhanced

tolerance of abiotic stress through osmo-protectant activities,

which maintain cell turgidity (Patel et al., 2024).

Seed yield was significantly reduced by 40.11% in Zone III

compared to Zone II. This finding is consistent with Prado

et al. (2016), who reported a 50% reduction in soybean grain

yield due to water stress conditions. Inadequate available

phosphorus content in Zone III may have also contributed to

the lower seed yield. However, Carrabiitol treatments T2 and

T3 mitigated this reduction, increasing seed yield by 39.35%

and 53.58%, respectively.

In-depth observation revealed that the foliar application

of Carrabiitol significantly enhanced soybean growth and

yield compared to the control by mitigating adverse effects

of unfavorable climatic conditions in Zone I. Moreover,

under optimum conditions in Zone II, Carrabiitol treatment

increased key yield parameters, including number of pods,
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seeds per pod, seed weight, seed yield, and straw yield,

ranging from 10.27% to 46.63%.

The results and interactive charts (Figure 3) demonstrate

that foliar Carrabiitol application effectively enhanced soy-

bean growth and yield in a dose-dependent manner across

different climatic conditions. Treatment T3 (125 g ha−1)

yielded the highest growth and yield in each experimental

zone, surpassing the control.

The tallest soybean plants were observed with Carra-

biitol application (T3), with increased plant height likely

attributed to elevated photosynthetic pigments, which boosted

photosynthesis (Patel et al., 2024). This enhancement of pho-

tosynthesis contributed to improved vegetative growth in

soybean.

Foliar application of Carrabiitol significantly enhanced

soybean yield attributes, particularly seed and straw yield

by 25%–50%, compared to control plants across different

agro-ecological zones. These results align with the findings

of Krishnamurthy et al. (2019), who reported that osmo-

protectant application enhance the biological yield of soybean

by up to 13%. Notably, Carrabiitol treatment increased seed

weight by 16.49% under Zone I, despite challenging condi-

tions including inadequate temperature, moderate soil salinity,

and less rainfall. A comparative analysis of foliar Carrabi-

itol application across different agro-ecological zones reveal

its osmo-protecting activity in mitigating oxidative stress in

soybean plants under diverse conditions (dry, humid, or rain-

fed). The application resulted in enhanced growth and yield

compared to the control plants. These findings are supported

by Hasanuzzaman et al. (2022), who reported the positive

effect of osmo-protectants, salicylic acid, and kinetin on soy-

bean growth and yield under waterlogging stress. The present

research suggests that the foliar application of Carrabiitol aids

soybean plants in alleviate detrimental effects of unfavorable

climate conditions.

5 CONCLUSIONS

Application of Carrabiitol at 75 and 125 g ha−1 signifi-

cantly improved growth and yield of soybean across three

agro-ecological zones in Himachal Pradesh. This study

demonstrates the efficacy of Carrabiitol in enhancing plant

growth under unfavorable climatic conditions. The findings

provide new insights into the application of Carrabiitol in

soybean crops, highlighting its potential as a valuable tool in

mitigating climate change–related stresses. Further research

is recommended to explore its effect on various soybean

varieties under different climatic conditions, considering the

current climate change scenario. Long-term effects of Carra-

biitol application should be investigated through multi-season

studies to provide a comprehensive understanding of its

benefits.

AU T H O R C O N T R I B U T I O N S
Femida Y. Patel: Conceptualization; formal analysis; valida-

tion; visualization; writing—original draft; writing—review

and editing. Suresh Kumar: Data curation; investigation;

methodology; resources; supervision; validation. Sandeep
Manuja: Data curation; investigation; methodology; super-

vision; validation. Minakshi: Data curation; investigation;

methodology; validation. Neil J. Shah: Conceptualization;

funding acquisition; project administration; visualization.

C O N F L I C T O F I N E T R E S T S T AT E M E M T
The authors declare no conflicts of interest.

O R C I D
Sandeep Manuja https://orcid.org/0000-0002-2806-0270

Neil J. Shah https://orcid.org/0000-0002-4229-3505

R E F E R E N C E S
Adjei-Nsiah, S., Martei, D., Yakubu, A., & Ulzen, J. (2022). Soybean

(Glycine max L. Merrill) responds to phosphorus application and

rhizobium inoculation on acrisols of the semi-deciduous forest agro-

ecological zone of Ghana. PeerJ Life & Environment, 10, e12671.

https://doi.org/10.7717/peerj.12671

Agarwal, D. K., Billore, S. D., Sharma, A. N., Dupare, B. U.,

& Srivastava, S. K. (2013). Soybean: Introduction, improve-

ment, and utilization in India—Problems and prospects. Agricul-
tural Research, 2(4), 293–300. https://doi.org/10.1007/s40003-013-

0088-0

Anda, A., Soos, G., Menyhart, L., Kucserka, T., & Simon, B. (2020).

Yield features of two soybean varieties under different water supplies

and field conditions. Field Crops Research, 245, 107673. https://doi.

org/10.1016/j.fcr.2019.107673

AOAC. (1970). Official methods of analysis. Association of official
analytical chemists (10th ed., pp. 154–170). Washington D.C.

ASCI. (2023). Soybean production technology. Agriculture Skill Council

of India. https://www.nsdcindia.org/scmp/assets/image/1913597640-

20_SoybeanProductionTechnology_preview.pdf

Cheng, A., Raai, M. N., Zain, N. A. M., Massawe, F., Singh, A., &

Wan-Mohtar, W. A. A. Q. I. (2019). In search of alternative pro-

teins: Unlocking the potential of underutilized tropical legumes.

Food Security, 11, 1205–1215. https://doi.org/10.1007/s12571-019-

00977-0

Coleman, K., Whitmore, A. P., Hassall, K. L., Shield, I., Semenov, M. A.,

Dobermann, A., Bourhis, Y., Eskandary, A., & Milne, A. E. (2021).

The potential for soybean to diversify the production of plant-based

protein in the UK. Science of the Total Environment, 767, 144903.

https://doi.org/10.1016/j.scitotenv.2020.144903

Dupare, B.. (2023). Improved Technologies and Technical Recom-

mendations for Maximising Soybean Productivity in India (English

Extension Bulletin) No. 18 (2023) ICAR-IISR, Indore.

Elobeid, S. (2010). Effect of irrigation and cultivar on seed yield,

yield’s components and harvest index of sesame (Sesamum indicum
L.). Research Journal of Agriculture and Biological Sciences, 6(4),

492–497.

El Sabagh, A., Sorour, S., Omar, A., Islam, M. S., Ueda, A., Saneoka,

H., & Barutçular, C. (2015). Soybean (Glycine max L.) growth

enhancement under water stress conditions. International conference

 14350645, 2025, 4, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/agj2.70136, W

iley O
nline L

ibrary on [13/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-2806-0270
https://orcid.org/0000-0002-2806-0270
https://orcid.org/0000-0002-4229-3505
https://orcid.org/0000-0002-4229-3505
https://doi.org/10.7717/peerj.12671
https://doi.org/10.1007/s40003-013-0088-0
https://doi.org/10.1007/s40003-013-0088-0
https://doi.org/10.1016/j.fcr.2019.107673
https://doi.org/10.1016/j.fcr.2019.107673
https://www.nsdcindia.org/scmp/assets/image/1913597640-20_SoybeanProductionTechnology_preview.pdf
https://www.nsdcindia.org/scmp/assets/image/1913597640-20_SoybeanProductionTechnology_preview.pdf
https://doi.org/10.1007/s12571-019-00977-0
https://doi.org/10.1007/s12571-019-00977-0
https://doi.org/10.1016/j.scitotenv.2020.144903


PATEL ET AL. 11 of 11

on chemical, agricultural and biological sciences (pp. 144–148).

Istanbul (Turkey).

Hasanuzzaman, M., Ahmed, N., Saha, T., Rahman, M., Rahman, K.,

Alam, M. M., Rohman, M. M., & Nahar, K. (2022). Exogenous

salicylic acid and kinetin modulate reactive oxygen species

metabolism and glyoxalase system to confer waterlogging stress

tolerance in soybean (Glycine max L.). Plant Stress, 3, 100057.

https://doi.org/10.1016/j.stress.2022.100057

Jackson, M. L. (1967). Soil chemical analysis. Prentice Hall of India

Limited.

Jackson, M. L. (1973). Soil chemical analysis. Prentice Hall of India

Limited.

Jitsuyama, Y. (2017). Hypoxia-responsive root hydraulic conductivity

influences soybean cultivar-specific waterlogging tolerance. Ameri-
can Journal of Plant Sciences, 8(04), 770. https://doi.org/10.4236/

ajps.2017.84054

Joshi, D. R., Clay, D. E., Alverson, R., Clay, S. A., Westhoff, S., Johnson,

J. M. F., Wang, T., & Sieverding, H. (2025). Are soils in the central

United States approaching carbon saturation. Scientific Reports, 15,

10697. https://doi.org/10.1038/s41598-025-95388-x

Kaur, N., Singh, J., & Shilpa, S. (2020). Productivity and profitability of

soybean (Glycine max) as influenced by site-specific nutrient manage-

ment. The Indian Journal of Agricultural Sciences, 90(7), 1362–1364.

https://doi.org/10.56093/ijas.v90i7.105624

Krishnamurthy, S. R., Khobragade, A. M., Kale, A. M., Asewar, B. V.,

& Khandare, V. S. (2019). Studies on the effect of osmoprotectants

on microclimate of soybean (Glycine max L. Merrill). International
Journal of Communication Systems, 7(5), 2686–2690.

Olsen, S. R., Cole, C. W., Watanabe, F. S., & Dean, L. A. (1954).

Estimation of available phosphorus in soils by extraction with

NaHCO3. United States Department of Agricultural Circular, 939,

19–23.

Patel, F. Y., Patel, A., & Shah, N. J. (2023). Osmo-priming with a novel

actives Carrabiitol® alleviates abiotic stresses in sorghum and fenu-

greek: Effect on seed germination and seedling growth. Agricultural
Science Digest, 43(6), 741–750. https://doi.org/10.18805/ag.D-5771

Patel, F. Y., Upreti, K. K., Laxman, R. H., & Shah, N. J. (2024).

Carrabiitol®, a novel oligosaccharide polyol composition, mitigates

the impact of flooding, drought, salinity, and high temperature in

tomato. Biology, 13, 356. https://doi.org/10.3390/biology13050356

Prado, M. R. V., Weber, O. L. d. S., Moraes, M. F., dos Santos, C. L. R., &

Tunes, M. S. (2016). Liquid organomineral fertilizer containing humic

substances on soybean grown under water stress. Revista Brasileira
de Engenharia Agrícola e Ambiental, 20, 408–414. https://doi.org/10.

1590/1807-1929/agriambi.v20n5p408-414

Shah, N. J., & Patel, F. Y. (2020). Carrabiitol® formulation and method
of extraction & preparation thereof (Indian Patent No. 396252).

Indian Patent Office.

Subbiah, B. V., & Asija, G. L. (1956). A rapid procedure for the

determination of available N in soils. Current Science, 25, 259–260.

Walkley, A. J., & Black, I. A. (1934). Estimation of soil organic carbon

by the chromic acid titration method. Soil Science, 37, 29–38. https://

doi.org/10.1097/00010694-193401000-00003

How to cite this article: Patel, F. Y., Kumar, S.,

Manuja, S., Minakshi, & Shah, N. J. (2025). Efficacy

evaluation of novel actives Carrabiitol on growth and

yield of soybean in different agro-ecological zones.

Agronomy Journal, 117, e70136.

https://doi.org/10.1002/agj2.70136

 14350645, 2025, 4, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/agj2.70136, W

iley O
nline L

ibrary on [13/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.stress.2022.100057
https://doi.org/10.4236/ajps.2017.84054
https://doi.org/10.4236/ajps.2017.84054
https://doi.org/10.1038/s41598-025-95388-x
https://doi.org/10.56093/ijas.v90i7.105624
https://doi.org/10.18805/ag.D-5771
https://doi.org/10.3390/biology13050356
https://doi.org/10.1590/1807-1929/agriambi.v20n5p408-414
https://doi.org/10.1590/1807-1929/agriambi.v20n5p408-414
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1002/agj2.70136

	Efficacy evaluation of novel actives Carrabiitol on growth and yield of soybean in different agro-ecological zones
	Abstract
	Plain Language Summary
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Experimental design and treatments
	2.2 | Data collection
	2.3 | Data analysis

	3 | RESULTS
	3.1 | Climatic conditions
	3.2 | Growth and yield attributes of soybean

	4 | DISCUSSION
	5 | CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INETREST STATEMEMT
	ORCID
	REFERENCES


