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Abstract 

A key challenge for sustainable intensification of agriculture is to produce increasing amount of food and 
feed with minimal mineral fertilizers usage for reducing greenhouse gas emissions and decreasing the excessive 
utilization of undesirable plant growth regulators like gibberellins. The current study was focus on the use of 
plant growth regulators (gibberellic acid and proline) in presence of two sources of boron (B–NPs and boric 
acid) to reduce the consumption of mineral fertilizers, minimize the hazard effect of using plant growth 
regulators and increasing the yield productivity and quality of sugar beet plants. 

An experimental field was conducted at Giza Agricultural Experimental Station, Giza, Egypt, on sugar beet 
plants (Beta vulgaris L. var. Sara poly). Plants applied with gibberellin and proline as foliar application at three 
rates of zero (control), 100 and 200 mg l-1, 100 and 75% from full dose of macronutrients with boron sources at 
0.48 B kg acre-1 as recommended dose. 

The obtained data showed that the foliar applications of gibberellin (GA3) at rate of 100 mg l-1 and proline at 
200 mg l-1 were the most effective for plant yield, growth parameters under study, sucrose yield and 
macronutrients uptake may be those due to increased N use efficiency, especially at sub-optimal macro nutrient 
fertilizers. Regard to boron sources, boron-NPs had positive effects on all parameters under study due to sugar 
transport, cell membrane synthesis, nitrogen fixation, indole acetic acid metabolism, respiration, cell wall 
structure, carbohydrate metabolisms, root growth and functional characteristics and development. Moreover, 
obtained data revealed that the applied mineral fertilizers at rate of 75% from recommended dose was more 
response than that applied at rate of 100 % as a recommended dose. On the other hand, obtained data also 
showed that 75% applied from macronutrients fertilizers when accompanied with proline at 200 mg l-1 and B-
NPs was more responses and effects on all plant characteristics and quality compared to the other treatments 
under study. 
Keywords:  

Proline, GA3, Boric acid, B-NPs, mineral fertilizers, growth parameters, yield productivity, quality and sugar 
beet. 
 
Introduction: 

Meeting human needs within the ecological limits of our planet calls for continuous reflection on 
and designing of agricultural technologies and practices. There is growing consensus that nutrient 
mining is leading to declining soil productivity and increasing the consumption of mineral fertilizers. 
So, using of plant growth regulators and nano technology has to be exploited to enhance and increase 
nutrients uptake. 

Sugar beet (Beta vulgaris L.) is considering the second sugar crop for sugar production in Egypt 
after sugar cane. Recently, sugar beet crop has been an important position in Egyptian crop rotation as 
a winter crop not only in fertile soils, but also in poor, saline, alkaline and calcareous soils. It could be 
economically grown in newly reclaimed soils (El-Hawary, 1999). Improving sugar beet yield and 
quality are the main goals of the governmental policy to increase sugar production to cover gap 
between sugar consumption and production. Approximately 66 % of local needs from the white sugar 
are produced locally from sugar beet and sugar cane while, the rest (34 %) is imported. Increasing 
production from unit area and water by using fertilization and agricultural practices are considered 
one of the important national targets to minimize gap between sugar consumption and production, 
fertilizer is considered as a limiting factor for obtaining high yield and quality (Hozayn et al., 2013). 
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Plant hormones are a structurally unrelated collection of small molecules derived from various 
essential metabolic pathways. These compounds are important regulators of plant growth and mediate 
responses to both biotic and abiotic stresses. In general these compounds are present at very low 
concentrations and act either locally, at or near the site of synthesis, or in distant tissues. It is 
including (but is not limited to) abscisic acid (ABA), indole-3-acetic acid (IAA or auxin), 
brassinosteroids (BRs), cytokinin, gibberellic acid (GA), ethylene, jasmonic acid (JA) and salicylic 
acid (Santner et al., 2009). 

The GAs is a large family of tetracyclic, diterpenoids growth regulators. This hormone has a 
particularly interesting role in modern agriculture. It was originally isolated in 1938 as a metabolite 
from the rice fungal pathogen Gibberella fujikuroi (Yamaguchi, 2008). 

Proline is a proteogenic amino acid and accumulates both under stress and non-stress conditions as 
a beneficial solute in plants. Recent discoveries point out that proline plays an important role in plant 
growth and differentiation across life cycle. It is a key determinant of many cell wall proteins that 
plays important roles in plant development. The role of extensins, arabino galactan proteins and 
hydroxyproline- and proline-rich proteins as important components of cell wall proteins that play 
pivotal roles in cell wall signal transduction cascades, plant development (Kishor et al., 2015). 

Boron is by far the most important of the micronutrients needed by sugar beet. Boron deficiently 
depressed the yield and quality of sugar beet. Soil application, as well as, a foliar spray of boron is 
equally effective, hence the root fresh weight, sucrose %, root and top yields significantly increased 
by increasing boron levels (Mekdad, 2015). 

Nanotechnology helps agricultural sciences and reduce environmental pollution by 
production of chemical fertilizers by using the nano particles and nano capsules with the 
ability to control or delayed delivery, absorption and more effective and environmentally 
friendly and production of nano-crystals to increase the efficiency of application with lower 
dose. Nanotechnology is seen as an important technology for future agriculture production. It refers 
to a size range of 1 to 100 mm. Nanotechnology is the technology that manipulates or self-assembles 
individual atoms, molecules or molecular clusters into structures to create materials and devices with 
new or vastly different properties (Nair et al., 2010). The core of nanotechnology is, size and control. 
The smaller size, higher specific surface area and reactivity of nanofertilizers as compared to bulk 
fertilizers may increase the solubility, diffusion and availability to plants and hence enhance crop 
productivity. Nanotechnology has provided the feasibility of exploring nanoscale or nanostructured 
materials as fertilizer carrier or controlled release vectors for building of the so-called smart fertilizers 
as new facilities to enhance the nutrient use efficiency and reduce the cost of environmental pollution 
(Chinnamuthu and Boopathi, 2009). 

The objective of this study was to evaluate the response of sugar beet yield and yield component to 
foliar application of plant growth regulators and boron sources with reducing the mineral fertilizers to 
75% of recommended dose, also, comparing between plant response for gibberellin and proline. 
 
Materials and Methods: 

Two experimental fields were carried out on sugar beet (Beta vulgaris var. Sara poly) plants on in 
a clay texture at agriculture research station of El Giza, Giza Governorate, Egypt (30° N, 31°: 28 E at 
an altitude 19 meters above sea level) during two agricultural successive seasons i.e. 2017/18 and 
2018/19. The study was to evaluate the effects of two type’s plant growth regulator gibberellin and 
proline as foliar application at three rates zero, 100 and 200 mg l-1 with two sources of boron (B-NPs 
and boric acid) at recommended dose 0.48 B kg acre-1 applied with 100 and 75% from full dose of 
macronutrients. 

The experiment was laid-out in split- split plot design with three replicates as follows:  
a. The main plots were 100 and 75% of NPK from recommended dose. Calcium super phosphate 

(15.5% P2O5) was added at rate 150 and 112.5 P2O5 Kg acre-1 during the soil preparation. Nitrogen 
was applied at rate of 75 and 56.5 Kg N acre-1 as urea (46.5% N) applied in three equal doses after 
21, 45 and 60 days from planting. Potassium sulphate (50% K2O) at rate of 50 and 37.5 Kg K2O 
acre-1 was added in two equal doses after 30 and 50 days from planting.  

b. The sub plots were applied plant growth regulators i.e. GA3 (Natural Enterprise Co.) and proline 
(Alfa Aesar Co.) at three rates as a foliar application (Zero, 100 and 200 mg l-1). 

c. The sub – sub plots were applied foliar of boron sources boric acid (Aldrich Co.) and B-NPs (Yara 
Fertiliser Co.) at the recommended dose. 
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Foliar application of both plant growth regulators and boron were applied after 45 and 60 days 
from sowing. All agricultural practices for growing sugar beet were done as recommended. 

Soil samples collected at depth 0–30 cm was air-dried, ground and sieved with a 2 mm sieve. 
Some of its properties were analyzed according to (Page et al., 1982). The total N was determined 
using macro-Kjeldahl method used (Gerhardt model VAP 30 S). Total P was determined 
colorimetrically using vandomolbadate yellow by UV/Vis spectrophotometer (JENWAY model 6705 
UV/Vis), K+ and Na+ content were detected by flame photometer (JENWAY model PFP7). Finally, 
the contents of Ca+2, Mg+2, Fe, Mn, Zn, Cu and B were measured by ICP-AAS spectrophotometer 
(Agilent Technologies model 8800) (Jackson, 1959; Cottenie et al., 1982), and data obtained 
Tabulated in Table, 1. 

The plant samples were directly transferred to the laboratory, cleaned with distilled water to get 
free from any adherent dust, then samples were separated into two parts (tops + roots) then weighted 
fresh, dry weight of top parts and roots were recorded for each sample after drying in oven at 70 oC 
for 24 hours. Moreover, dried material of were ground to a fine powder and kept in stopped glass 
bottles for more analyses. 
 
Table 1: Some chemical and physical characteristics of initial soil under investigation. 
Soil characteristics Value Soil characteristics Value 
Particle size distribution (%): Soluble cations (soil paste, mmolcl-1): 
Sand 26.2 Ca+2 2.35 
Silt 29.3 Mg+2 1.20 
Clay 44.5 Na+ 6.85 
Soil textural class Clay* K+ 5.13 
Chemical properties: Soluble anions (soil paste, mmolcl-1): 
pH (1:2.5 soil water suspension) 8.95 CO3

-2 0.00 
CaCO3 % 4.82 HCO-3 3.15 
Organic matter % 1.53 Cl- 6.40 
ECe (dS m-1, soil past) 1.69 SO4

-2 5.95 
Physical properties: Available macro- and micronutrients (mg kg-1) 
Bulk density, g cm-3 1.20 N 46.34 
Sodium adsorption ratio (SAR) 5.15 P 18.56 
Exchangeable sodium (ESP)  4.50 K 349.1 
Saturation (SP) 70.3 Fe 41.2 
CEC** cmolc kg-1 53.2 Mn 26.1 
Moisture content (%): Zn 2.43 
Field capacity 27 B 1.13 
Wilting point 16   
Available water  11   
* Using USAD Soil Texture Triangle, after (Twarakavi, N. K. C., Šimůnek, J. and Schaap, 2010). 
** CEC= Cation exchange capacity 

 
Samples of plants were wet digested with a mixture of sulphuric and perchloric acids (Piper, 

1950), chemical analyses of sugar beet plants were carried out on the samples to determine total 
nitrogen by using the Kjeldahl method described by (Hesse and Hesse, 1971), phosphorus was 
determined calorimetrically according to (Schofield and Da Costa, 1935). Potassium was estimated 
using a flame photometer as described by (Jackson, 1962). Roots yield was determined after 210 days 
from sowing; plants of sugar beet from each plot were harvest and weighted separately.  

Finally, data obtained statistically analyzed by the analysis of variance (ANOVA) using the least 
significant difference at level at 0.05 according to (Gomez and Gomez, 1984). 
 
Results 

The obtained data of both successive seasons were not significantly different; their average was 
taken into consideration. 
a- Sugar beet plants growth parameters 

Data in Table, 2 showed that, the effects of gibberellin and proline as a foliar application on leaves, 
roots fresh weights, root length and root radius at two rates of macronutrient fertilizers under study 
with boron. Data obtained illustrated that the foliar application of gibberellin at rate of 100 mg l-1 
accompanied with 75% of macronutrients rate was the most effective for all plant growth parameters 
of sugar beet followed by proline at rate of 200 mg l-1 without significant differences. 
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Table 2: Effect of two type of growth regulator at different rates with two sources of boron at two 
rates of macronutrients on yield components of sugar beet plants at harvest stage. 

Boron 
sources 

(B) 

Macronutrients at 100% of recommended dose Macronutrients at 75% of recommended dose 

Control Gibberellin (mg l-1) Proline (mg l-1) Control Gibberellin (mg l-1) Proline (mg l-1) 
100 200 Mean 100 200 Mean 100 200 Mean 100 200 Mean 

Fresh weight of leaves (g plant-1) 
Control 517 589 567 558 556 580 551 475 595 524 531 529 575 526 
Boric a. 582 638 593 604 603 631 605 492 767 577 612 588 649 576 
B-NPs 594 645 614 618 636 657 629 515 919 738 724 625 860 667 
Mean 564 624 561 588 598 623 595 494 760 613 622 581 695 606 

Fresh weight of root (g plant-1) 
Control 988 1209 1134 1110 1172 1277 1146 815 1384 1135 1111 1161 1266 1081 
Boric a. 1194 1388 1332 1305 1252 1370 1272 1045 1837 1425 1436 1440 1745 1410 
B-NPs 1250 1439 1347 1345 1326 1425 1334 1125 2054 1534 1571 1690 1990 1602 
Mean 1144 1345 1271 1253 1250 1357 1251 995 1758 1365 1373 1430 1667 1364 

Root length (cm) 
Control 25.0 34.0 31.5 30.2 32.5 36.0 31.2 23.0 35.5 33.5 30.7 27.5 33.5 28.0 
Boric a. 27.0 37.0 34.0 32.7 34.5 35.5 32.3 25.5 40.5 36.0 34.0 32.0 37.5 31.7 
B-NPs 28.5 39.5 37.0 35.0 36.0 38.5 34.3 27.0 43.0 37.5 35.8 36.5 41.0 34.8 
Mean 26.8 36.8 34.2 32.6 34.3 36.7 32.6 25.2 39.7 35.7 33.5 32.0 37.3 31.5 

Root radius (cm) 
Control 10.0 11.5 10.3 10.6 10.5 11.0 10.5 9.5 11.9 11.0 10.8 10.0 11.6 10.4 
Boric a. 11.0 13.0 12.1 12.0 12.0 12.5 11.8 10.5 13.5 12.3 12.1 11.9 12.7 11.7 
B-NPs 11.8 13.5 12.5 12.6 12.0 13.0 12.3 10.9 14.8 13.0 12.9 12.5 13.5 12.3 
Mean 10.9 12.7 11.6 11.7 11.5 12.2 11.5 10.3 13.4 12.1 11.9 11.5 12.6 11.5 

L.S.D. 0.05 
 B G R B x G B x R G x R B x G x R 
Fresh wt. of leaves 55 23 15 33 12 21 11 
Fresh wt. of leaves 65 45 83 27 44 67 83 
Root length 1.0 0.9 1.1 0.8 1.2 0.9 1.3 
Root radius 0.4 0.2 0.4 0.3 0.5 0.3 0.4 

B = Boron sources; G = Plant growth regulator sources and R = Rate of Plant growth regulator 
 

Regard to boron sources data in Table 2 data showed that the foliar application of nano boron give 

higher responses in all parameters under study this resulted might be due to the small size of nano 

boron make its penetration more easily and do its role effectively. 

According to data in Table 2 showed the application of macronutrients NPK at full dose was more 

response for all plant growth parameters under study than that at 75% from the full dose. 

Finally, previously data showed that the interaction between macronutrients at 75% accompanied 

with gibberellin at rate 100 mg l-1 and nano boron give the highest response followed by proline at rate 

of 200 mg l-1 for all plant growth parameters under study. 
 

b- Sugar beet roots nutritional status 

The obtained data in Table, 3 revealed that the foliar application of plant growth regulators on 

sugar beet plant was more responded in nutritional status of sugar beet root compared to control 

(without plant growth regulators). Also, data represented that the application of gibberellin at 100 mg 

l-1 was the most effective one followed by proline at 200 mg l-1 without significant difference. 

Regard to sources of boron as boric acid and B-NPs, data represented in Table, 3 showed a positive 

response in nutritional status of sugar beet root compared to the control of both macronutrient rates. 

Moreover, result showed that the foliar application of nano boron was the most effective source on all 

parameters under study.  
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Table 3: Effect of two type of growth regulator at different rates with two sources of boron at two 
rates of macronutrients on nutritional status of sugar beet root at harvest stage. 

Boron 
sources 

(B) 

Macronutrients at 100% of recommended dose Macronutrients at 75% of recommended dose 

Control Gibberellin (mg l-1) Proline (mg l-1) Control Gibberellin (mg l-1) Proline (mg l-1) 
100 200 Mean 100 200 Mean 100 200 Mean 100 200 Mean 

Nitrogen content (%) 
Control 4.30 4.69 4.58 4.52 4.45 4.67 4.47 4.18 4.75 4.60 4.51 4.55 4.67 4.47 
Boric a. 4.36 4.78 4.63 4.59 4.57 4.72 4.55 4.25 5.46 5.05 4.92 4.81 5.26 4.77 
B-NPs 4.52 4.90 4.75 4.69 4.66 4.86 4.65 4.34 5.68 5.32 5.11 5.25 5.45 5.01 
Mean 4.39 4.79 4.65 4.61 4.56 4.75 4.56 4.26 5.30 4.99 4.85 4.87 5.13 4.75 

Phosphorous content (%) 
Control 0.175 0.248 0.229 0.217 0.228 0.239 0.214 0.163 0.240 0.216 0.206 0.192 0.228 0.194 
Boric a. 0.183 0.262 0.236 0.227 0.231 0.257 0.224 0.171 0.275 0.234 0.227 0.239 0.275 0.228 
B-NPs 0.190 0.280 0.254 0.241 0.252 0.273 0.238 0.183 0.299 0.248 0.243 0.242 0.281 0.235 
Mean 0.183 0.263 0.240 0.229 0.237 0.256 0.225 0.172 0.271 0.268 0.231 0.224 0.261 0.219 

Potassium content (%) 
Control 5.22 5.57 5.39 5.39 5.30 5.42 5.31 5.10 5.48 5.40 5.33 5.28 5.37 5.25 
Boric a. 5.29 5.61 5.47 5.46 5.45 5.58 5.44 5.20 5.88 5.76 5.61 5.46 5.59 5.42 
B-NPs 5.45 5.73 5.55 5.53 5.50 5.65 5.49 5.24 5.99 5.82 5.68 5.66 5.81 5.57 
Mean 5.32 5.64 5.47 5.47 5.42 5.55 5.41 5.18 5.78 5.66 5.54 5.47 5.59 5.41 

L.S.D. at 0.05 
 B G R B x G B x R G x R B x G x R 

N 0.12 0.32 0.12 0.71 0.22 0.11 0.32 
P 0.09 0.02 0.05 0.09 0.10 0.22 0.08 
K 0.12 0.22 0.11 0.90 0.12 0.13 0.14 

B = Boron sources; G = Plant growth regulator sources and R = Rate of Plant growth regulator 
 

Respect to macronutrient rates applied, information uncovered that the full dose was better than 

75% this outcome might be because of the ideal pace of macronutrients increments photosynthetic 

procedures, leaf zone creation, leaf region span just as net osmosis rate.  

Finally, macronutrients applied at rate 100% with foliar application of gibberellin at rate 100 mg l-1 

was more effective when accompanied with nano boron in micronutrients content of sugar beet roots 

compared to other treatments used.  
 

c- Micronutrient contents in sugar beet roots  

Data in Table, 4 showed that the foliar application of plant growth regulators was enhanced 

micronutrients content in sugar beet roots due to the role of plant growth regulators in increasing the 

cell division, expansion and stem elongation. The obtained data represented also that the application 

of gibberellin at rate 100 mg l-1 was more effective on micronutrient contents followed by proline at 

200 mg l-1.  

By application of boron sources as boric acid and nano boron (B-NPs) data in Table, 4 showed that 

the application of B-NPs gave more respond for all micronutrients contents this might be due to nano-

fertilizer application promoted the growth, development and antioxidant activity in sugar beet plants 

and has the potential to improve crop production and plant nutrition. 
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Table 4: Effect of two type of growth regulator at different rates with two sources of boron at two 

rates of macronutrients on micronutrients contents of sugar beet plants after 90 days from sowing. 

Boron 
sources 

(B) 

Macronutrients at 100% of recommended dose Macronutrients at 75% of recommended dose 

Control Gibberellin (mg l-1) Proline (mg l-1) Control Gibberellin (mg l-1) Proline (mg l-1) 
100 200 Mean 100 200 Mean 100 200 Mean 100 200 Mean 

Zinc (mg kg-1) 
Control 13.66 15.06 14.88 14.53 15.70 17.35 15.57 12.40 15.01 13.90 13.77 14.92 18.56 15.29 
Boric a. 15.48 18.42 17.36 17.09 16.96 19.84 17.43 13.85 20.44 19.60 17.96 18.14 22.40 18.13 
B-NPs 17.08 24.92 20.38 20.79 20.62 23.81 20.50 15.54 27.30 21.02 21.29 21.65 26.74 21.31 
Mean 15.65 19.47 17.59 17.52 17.76 20.33 17.87 13.93 20.92 18.17 17.67 18.24 22.57 18.25 

Cupper (mg kg-1) 
Control 0.86 1.30 1.08 1.08 1.21 1.58 1.22 0.75 1.45 1.24 1.15 1.25 1.45 1.15 
Boric a. 0.93 1.56 1.44 1.31 1.34 1.61 1.29 0.86 1.74 1.46 1.35 1.34 1.61 1.27 
B-NPs 1.32 1.71 1.56 1.53 1.49 1.75 1.52 1.06 1.96 1.52 1.51 1.51 1.93 1.50 
Mean 1.04 1.52 1.36 1.31 1.35 1.65 1.35 0.89 1.72 1.41 1.34 1.37 1.66 1.31 

Iron (mg kg-1) 
Control 24.46 59.42 43.54 42.47 40.72 55.54 40.24 20.40 55.10 42.48 39.99 41.00 53.64 38.35 
Boric a. 25.38 61.57 46.22 44.39 54.60 56.39 45.46 23.32 68.80 40.17 44.10 53.68 71.82 49.61 
B-NPs 29.94 65.81 47.31 47.69 59.17 61.31 50.14 26.41 85.20 65.40 59.00 62.16 87.42 58.66 
Mean 26.59 62.27 45.69 44.85 51.50 57.75 45.28 23.38 69.70 49.35 47.59 52.28 47.63 44.98 

Manganese (mg kg-1) 
Control 17.70 20.16 18.76 18.87 18.86 20.94 19.17 16.18 22.58 20.44 19.73 21.68 23.08 20.31 
Boric a. 19.72 25.48 23.78 22.99 21.98 25.52 22.23 18.42 28.16 25.36 23.98 24.80 27.90 23.71 
B-NPs 21.02 27.32 25.02 24.45 24.86 26.94 24.27 19.92 30.78 27.78 26.16 26.76 30.50 25.73 
Mean 19.48 24.32 22.52 22.11 21.90 24.47 21.92 18.17 27.17 24.53 23.29 24.41 27.18 23.25 

L.S.D. at 0.05 
 B G R B x G B x R G x R B x G x R 

Zn 0.54 0.32 0.11 0.23 0.15 0.23 0.15 
Cu 0.09 0.10 0.08 0.03 0.12 0.03 0.06 
Fe 0.23 0.22 0.42 0.24 0.35 0.33 0.41 
Mn 1.22 0.91 1.20 0.93 0.15 1.10 1.01 

B = Boron sources; G = Plant growth regulator sources and R = Rate of Plant growth regulator. 
 

Regard to macronutrient rates applied, data revealed that the full dose was superior compared to 

75% this result may be due to the optimum rate of macronutrients increases photosynthetic processes, 

leaf area production, leaf area duration as well as net assimilation rate.  

Finally, macronutrients applied at rate 75% with foliar application of gibberellin at rate 100 mg l-1 

was more effective when accompanied with nano boron in micronutrients content of sugar beet roots 

compared to other treatments used. 

d- Yield and sugar yield of sugar beet 

Data in Table, 5 revealed that the foliar application of gibberellin at rate 100 mg l-1 and proline at 

200 mg l-1 gave higher response in yield and sucrose yield.  

Root yield and sucrose yield of sugar beet plants were affect to application of different boron 

sources as results obtained in Table, 5. Data showed that the application of B-NPs was more response 

than boric acid. 

Moreover, the interaction between plant growth regulators and boron give higher response in root 

yield and sucrose yield. 

Regard to macronutrient rates applied, data in Table 5 also, represented that the application of 

100% macronutrients give better response this is due to the abundant availability of nutrients for 

prober sugar beet plants growth where the importance of each element during plant life. 
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Yet, the interaction between all treatments and parameters of sugar beet roots under study gave 

high values at the combination between applications of macronutrients at rate 75 % with nano boron 

and gibberellin at rate 100 mg l-1 and proline at 200 mg l-1 in both yield and sugar yield of sugar beet 

plants at harvest stage. 

  
Table 5: Effect of two type of growth regulator at different rates with two sources of boron at two rates of 
macronutrients on yield and sugar yield of sugar beet plants at harvest stage. 

Boron 

sources 

(B) 

Macronutrients at 100% of recommended dose Macronutrients at 75% of recommended dose 

Control 
Gibberellin (mg l-1) Proline (mg l-1) 

Control 
Gibberellin (mg l-1) Proline (mg l-1) 

100 200 Mean 100 200 Mean 100 200 Mean 100 200 Mean 

Root yield (Mg ha-1) 

Control 57.44 70.34 67.36 65.05 66.10 70.59 64.71 56.11 75.19 70.71 67.34 66.52 71.58 64.74 

Boric a. 60.19 77.96 71.82 69.99 68.05 73.19 67.14 57.63 78.49 73.04 69.72 71.11 75.80 68.18 

B-NPs 61.94 84.26 76.11 74.10 69.67 75.16 68.92 59.60 87.22 77.76 74.86 71.96 84.57 72.04 

Mean 59.86 77.52 71.76 69.71 67.94 72.98 66.93 57.78 80.30 73.84 70.64 69.86 77.32 68.32 

Sucrose  yield (Mg ha-1) 

Control 9.24 11.61 10.89 10.58 10.84 11.75 10.61 8.98 13.27 11.89 11.38 11.28 12.17 10.81 

Boric a. 9.92 13.21 11.89 11.67 11.30 12.35 11.19 9.41 14.36 12.34 12.04 12.16 13.11 11.56 

B-NPs 10.34 14.62 12.71 12.56 11.70 12.79 11.61 9.78 16.49 13.69 13.32 12.26 15.01 12.35 

Mean 9.83 13.15 11.83 11.60 11.28 12.30 11.14 9.39 14.71 12.64 12.25 11.90 13.43 11.57 

L.S.D. 0.05 

 B G R B x G B x R G x R B x G x R 

Root yield 0.32 0.15 0.31 0.21 0.11 0.24 0.18 

Sucrose yield 0.91 0.11 0.21 0.16 0.22 0.15 0.19 

B = Boron sources; G = Plant growth regulator sources and R = Rate of Plant growth regulator 
 
Discussion 

Economic conditions in modern agriculture demand high crop yields in order to be profitable and 

consequently meet the high demand for food that comes with population growth. 

The previously data showed that the foliar application of plant growth regulators showed increase 

in the nutritional status, sucrose yield and productivity of sugar beet at 100 mg l-1 of gibberellin and 

200 mg l-1 of proline This may be due to the gibberellin plays an important role in internode 

elongation (Ross et al., 1997), stimulates cell division, expansion and increases the use efficiency of 

nutrients in response to light or dark  (De Lucas et al., 2008; Gallego-Bartolomé et al., 2011). Proline, 

a multifunctional amino acid, besides acting as an excellent osmolyte and stabilizing subcellular 

structures such as proteins and cell membranes, scavenging free radicals, balancing cellular 

homeostasis and signaling events and buffering redox potential under stress conditions (Hayat et al., 

2012). It could be reflecting on maintaining the nutrient status in roots. This report is in conformity 

with the increased nitrate content of roots by exogenous application of proline (Alyemeni et al., 

2016). Moreover, gibberellin is endogenously synthesized hormone that regulates stem cell 

elongation. Gibberellin acts through its nucleus-localized receptor, GID1 (Gibberellin-Insensitive 

Dwarf1), and like auxin, this binding induces degradation of transcriptional repressor proteins, 
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DELLA which have a characteristic conserved motif Asp-Glu-Leu-Leu-Ala, at the amino terminus 

(Haruta and Sussman, 2017). 

Eid and Abou-Leila (2006) reported that the gibberellin application increased the N, P, K, Mg, Fe, 

Zn, Mn and Cu content of plants, thereby increasing the mineral nutrient status of the plant. The 

increased nutrient content enhanced photosynthetic potential of leaves, source strength and increased 

the mineral nutrient levels of plant roots and shoots (Al-Rumaih, Rushdy and Warsy, 2003). Since 

GA3 is increasing the efficiency of plants in terms of photosynthetic activity, enhancing nutrients 

uptake, nutrients translocation and improving its mobilization, thus GA3 might be increased the yield 

(Ali et al., 2019). According to (Nilanjan, 2013) who stated that boron nano as fertilizers of 

embodiments herein a sharp increase in crop yield  and quality. 

This results was in agreement with  (Soad, 2005) who to gibberellin foliar application. Also, the 

exogenous application of plant growth regulators improve crop productivity and the nutritional quality 

of crop plants through improved photosynthesis and nutrient uptake and through accumulation within 

the plant body (Niu et al., 2016). Moreover, proline also functions as a sink for energy to regulate 

redox potentials (Blum and Ebercon, 1976) as a hydroxyl radical scavenger, solute that protects 

macromolecules against denaturation (Schobert and Tschesche, 1978), reducing the acidity in the cell 

(Venekamp et al., 1989) and acts as storage compound and nitrogen source for an after-stress rapid 

growth (Singh et al., 1973). 

Also, result attribute to gibberellin is growth promoter which has the ability to increase mitosis in 

the sub apical regions of apical meristems, stimulating cell divisions in the intercalary meristems and 

causing elongation of cell, cell division and increasing the length of internode (Thomson et al., 2015). 

Also, the foliar spray of proline caused an increase in apical meristem and cell division, which 

improved the plant height (Ali et al., 2013). Plant growth regulators may be employed to improve 

crop performance in terms of yield and seed nutritional quality through the modulation of plant 

growth and physiological processes such as the photosynthetic efficiency and nutrient dynamics 

within the plant body (Anjum et al., 2016). 

Regard to the boron sources the obtained data revealed that the foliar application of B-NPs was more 
response than boric acid this results may be due to (Dewdar et al., 2018) who reported that 
nanofertilizer can either provide nutrients for the plant or aid in the transport or absorption of 
available nutrients resulting in better crop growth, nano-fertilizers have great impact on the soil, can 
reduce the toxicity of the soil and decrease the frequency of fertilizer application. Also, Allen and 
Pilbeam (2007) emphasized that sugar beet crop has high requirements for boron when adequate 
boron nutrition is critical for high yield and quality of crops. They also reported that boron increases 
the rate of transport of sugars from source to sink. Abido (2012) stated that the advantage of boron 
application may be due to the function of boron in increasing plant metabolism, development and 
growth. Liu and Lal (2015) who reported that utilization of nanoparticles to plants can be 
advantageous for development and advancement because of its capacity for more noteworthy 
absorbance and high reactivity. Additionally, Nanotechnology can be used in crop production to 
improve growth and increase yield (Reynolds, 2002). Abbas M. Mahmoud (2020) .found that foliar  
application at 20 ppm of nano silver had the highest figures of fruit yield per gm and fruit yield per 
kg. Addition of nano silver in foliar application at 20 ppm gave the highest figures of yield 
characteristics compared with other treatments.  

Moreover, macronutrient rates applied the results showed that the application of macronutrients at 

full dose was more effective than at 75% where, Lošák et al., (2010) confirmed that under various 
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patterns of N supply, plants have shown elaborate reaction in relation to physiological and 

morphological levels to regulate their development and growth. Pavlíková et al., (2012) reported that 

phytohormones are strongly connected to nitrogen signaling. These results were confirmed by 

(Abdelaal, 2015) who stated that shoot and root fresh weight, toot length and root radius significantly 

decreased as a result of 75% macronutrients  compared to the application of full dose. This can result 

from the nutrient being a raw material for synthesis of a product but also from its involvement in 

enzymatic activities will lead to increased amount of proteins due to increased activation of enzymes 

that metabolize carbohydrates for synthesis of amino acids and proteins (Njira and Nabwami, 2015). 

Also Pavlíková et al. (2012) suggested that cytokinin metabolism and translocation were adjusted by 

N nutritional status in plants. The primary macronutrients play a significant role during the entire 

plant life by performing various beneficial activities in plant metabolism. Nitrogen is also regarded as 

the essential component of all proteins and enzymes and further performs in various metabolic 

processes of energy transformation. Therefore, sufficient amount of N availability in plants is 

required, because it is one of the major key factors of crop production (Nadeem et al., 2014). 

Phosphorus plays an important role in an array of cellular processes, including maintenance of 

membrane structures, synthesis of biomolecules and formation of high-energy molecules. It also helps 

in cell division, enzyme activation/inactivation and carbohydrate metabolism (Razaq et al., 2017). 

Potassium has two main functions, it plays an important role in activation of basic enzymes for 

protein production and sugars, also potassium protects the water content in plants by help in maintain 

the turgor of the cells which protect vitality of the leaf and consequently, photosynthesis proceeds 

efficiently (Çalişkan and Çalişkan, 2019). 

 

Conclusion 

From the presented study, it might be concluded that the application of 75% macronutrients was 

the best treatment for plant growth parameters (fresh and dry weigh), micro nutrients content and total 

yield of roots with yield production of sucrose of sugar beet plants (Beta vulgaris L. var. Sara poly) 

when accompanied with nano boron as an nano micronutrient fertilizer source with proline at rate of 

200 mg l-1 than 100% with boric acid and proline 100 mg l-1 and control treatment of sugar beet 

quality grown in clay soil. 
 

References 
Abdelaal, K. A. ‘Pivotal Role of Bio and Mineral Fertilizer Combinations on Morphological, Anatomical and Yield 

Characters of Sugar Beet Plant (Beta vulgaris L.).’, Middle East J. Agric., 4, pp. 717-734 (2015). 
Abido, W. A. E. ‘Sugar beet productivity as affected by foliar spraying with methanol and boron.’, International 

Journal of Agriculture Sciences, 4(7), pp. 287–292 (2012). Available at: http://www.bioinfo.in/contents.php. 
Al-Rumaih, M. M., Rushdy, S. S. and Warsy, A. S. ‘Effect of cadmium stress in the presence and absence of 

gibberellic acid on mineral nutrition of cowpea (Vigna unguiculata L.) during ontogenesis.’, Agric. Sci, 15, pp. 
141–151 (2003). 

Ali, H., Arshad, M., Jan, I. U., Zamin, M., Khan, J., Ullah, I. and Ali, M. ‘Influence of Various Concentrations of 
Gibberellic Acid and Micronutrients for Enhancing Growth and Flowering of Tuberose (Polyanthas Tuberosa).’, 
Sarhad Journal of Agriculture. ResearchersLinks Ltd, 35(2), pp. 550–556 (2019). doi: 
10.17582/journal.sja/2019/35.2.550.556. 

Ali, H. M., Siddiqui, M. H., Al-Whaibi, M. H., Basalah, M. O., Sakran, A. M. and El-Zaidy, M. O. H. A. M. E. D. 
‘Effect of proline and abscisic acid on the growth and physiological performance of faba bean under water 

GSJ: Volume 8, Issue 11, November 2020 
ISSN 2320-9186 1904

GSJ© 2020 
www.globalscientificjournal.com



10 
 

stress.’, Pak. J. Bot, 45(3), pp. 933–940 (2013). 
Allen, A. B. and Pilbeam, D. ‘"Handbook of plant nutrition ".(Books in soils, plants and the environment). Sulfur. 

Boca Raton: Taylor & Francis,.’, in Handbook of plant nutrition., pp. 183–277 (2007). 
Aloni, B., Daie, J. and Wyse, R. E. ‘Enhancement of [14C] sucrose export from source leaves of Vicia faba by 

gibberellic acid.’, Plant Physiology, 82(4), pp. 962–966 (1986). Available at: www.plantphysiol.org. 
Alyemeni, M. N., Hayat, Q., Hayat, S., Faizan, M. and Faraz, A. ‘Exogenous proline application enhances the 

efficiency of nitrogen fixation and assimilation in chickpea plants exposed to cadmium.’, An International 
Journal, Legume Research. Agricultural Research Communication Centre, 39(2), pp. 221–227 (2016). doi: 
10.18805/lr.v0iOF.9291. 

Anjum, S.A., Ran, W., Jian-Hang, N., Zohaib, A., Jin-Huan, L., Mei-Ru, L., Ji-Xuan, S., Jun, L., San-Gen, W. and 
Xue-Feng, Z. ‘Exogenous application of ALA regulates growth and physiological characters of Leymus 
chinensis (Trin.) Tzvel. under low temperature stress. JAPS: Journal of Animal & Plant Sciences, 26(5) (2016). 
Available at: http://search. ebscohost.com/ login.aspx?direct =true&profile=ehost&scope 
=site&authtype=crawler&jrnl=10187081&asa=Y&AN=119554232&h=1zc6RKS2Ux1qcnGgIxLeXDnIfzEsAs
yMOU6IQykWjM3KNnMAzuYLaXxffh64KmkzbTxyDJruVtTid3cfr5jFCQ%3D%3D&crl=c. 

Ansari, A. M. and Chowdhary, B. M. ‘Effects of boron and plant growth regulators on bottle gourd (Lagenaria 
siceraria (Molina) Standle.).’, Journal of Pharmacognosy and Phytochemistry, 1, pp. 202–206 (2018). 

Blum, A. and Ebercon, A. ‘Genotypic responses in Sorghum to drought stress. III. Free Proline accumulation and 
drought resistance 1. ’, Crop Science, 16(3), pp. 428–431 (1976). doi: 
10.2135/cropsci1976.0011183X001600030030x. 

Çalişkan, B. and Çalişkan, A. C. (2019) ‘Potassium Nutrition in Plants and Its Interactions with Other Nutrients in 
Hydroponic Culture.’, in Improvement of Quality in Fruits and Vegetables Through Hydroponic Nutrient 
Management. InTech, p. 9 (2019). doi: 10.5772/intechopen.71951. 

Chen, W. S., Liu, H. Y., Liu, Z. H., Yang, L. and Chen, W. H. ‘Geibberllin and temperature influence carbohydrate 
content and flowering in Phalaenopsis.’, Physiologia Plantarum, 90(2), pp. 391–395 (1994). doi: 
10.1111/j.1399-3054.1994.tb00404.x. 

Chinnamuthu, C. R. and Boopathi, P. M. ‘Nanotechnology and agroecosystem.’, Madras Agricultural Journal, 
96(1/6), pp. 17–31 (2009). Available at: https://www.cabdirect.org/cabdirect/abstract/20093323550. 

Cline, M. G., Thangavelu, M. and Dong-Il, K. ‘A possible role of cytokinin in mediating long-distance nitrogen 
signaling in the promotion of sylleptic branching in hybrid poplar. Journal of Plant Physiology, 163(6), pp. 
684–688 (2006). Available at: https://www. sciencedirect.com/ science /article/ pii / S0176161705002129. 

Cottenie, A., Velghe, G., Verloo, M. and Kiekens, L. (1982) Biological and analytical aspects of soil pollution., 
Lab. Of Analytical Agro. State Univ. of Calif. Division of Agric. Sci. 

Dewdar, M. D., Abbas, M. S., El-Hassanin, A. S. and El-Aleem, H. A. A. ‘Effect of Nano Micronutrients and 
Nitrogen Foliar Applications on Sugar Beet (Beta vulgaris L.) of Quantity and Quality Traits in Marginal Soils 
in Egypt. 7(8), 4490-4498 (2018).’, Int. J. Curr. Microbiol. App. Sci., 7(8), pp. 4490–4498. doi: 
10.20546/ijcmas.2018.708.475. 

Eid, R. A. and Abou-Leila, B. H. ‘Response of croton plants to gibberellic acid, benzyl adenine and ascorbic acid 
application.’, World J. Agric. Sci, 2(2), pp. 174–179 (2006). 

El-Hawary, M. A. ‘Influence of nitrogen, potassium and boron fertilizer levels on sugar beet under saline soil 
condition.’, Journal of Agricultural Sciences, 24(4), pp. 1573–1581 (1999). Available at: 
http://agris.fao.org/agris-search/search.do?recordID=EG2000001360. 

Erin, N., Afacan, B., Ersoy, Y., Ercan, F. and Balcı, M. K. ‘Gibberellic acid, a plant growth regulator, increases 
mast cell recruitment and alters Substance P levels.’, Toxicology, 254(1–2), pp. 75–81 (2008). Available at: 
https://www.sciencedirect.com/science/article/pii/S0300483X08004381. 

Gallego-Bartolomé, J., Alabadí, D. and Blázquez, M. A. ‘DELLA-induced early transcriptional changes during 
etiolated development in Arabidopsis thaliana.’, PLoS ONE, 6(8), p. 23918 (2011). doi: 
10.1371/journal.pone.0023918. 

Gomez, K. A. and Gomez, A. A. Statistical Procedures for Agricultural Research., John Wiley & Sons, Inc. New 
York 641 (1984). Available at: https://books .google. com. eg/ books? hl= en&lr =&id= 
PVN7_XRhpdUC&oi=fnd &pg=PA2&dq= Statistical +procedures+for+agricultural+research +(2+ed.)&ots 
=Hr9c8kqsm4 & sig = YUiFBhs 0hpj 70U2l3ZVnXOBrr _s& redir_esc= y#v= onepage&q=Statistical 
procedures for agricultural research. 

Haruta, M. and Sussman, M. R. ‘Ligand receptor-mediated regulation of growth in plants.’, In Current topics in 
developmental biology, 123, pp. 331–363 (2017). doi: 10.1016/bs.ctdb.2016.11.007. 

Hayat, S., Hayat, Q., Alyemeni, M. N., Wani, A. S., Pichtel, J. and Ahmad, A. (2012) ‘Role of proline under 
changing environments: a review.’, Plant signaling & behavior, pp. 1456–1466. doi: 10.4161/psb.21949. 

Hesse, P. and Hesse, P. (1971) A textbook of soil chemical analysis, John Murry (Publishers) Ltd., 50 Albermarle 
Street,London. Available at: https://www.cambridge.org/core/services/aop-cambridge-
core/content/view/S0014479700005202. 

Hozayn, M., Tawfik, M. M., Abd, E. G. and Korayem, A. M. ‘Effect of plant density on yield and sugar quality 
characteristics of sugar beet.’, Journal of Applied Sciences Research, 9(1), pp. 1004–1009 (2013). Available at: 
https://www.cabdirect.org/cabdirect/abstract/20133189980. 

GSJ: Volume 8, Issue 11, November 2020 
ISSN 2320-9186 1905

GSJ© 2020 
www.globalscientificjournal.com



11 
 

Jackson, M. L. ‘Soil Chemical Analysis.’, Journal of Agricultural and Food Chemistry., 7(2), p. 138 (1959). 
Available at: https://archive.org/details/soilchemicalanal030843mbp/page/n13. 

Jackson, M. L. ‘Soil Chemical Analysis. Advance course.’, in Published by the author, Deptt. of Soil Sci. Univ. of 
Wisconsin, Madison, Wisconsin (1962). 

Kishor, K., Polavarapu, B., Hima Kumari, P., Sunita, M. S. L. and Sreenivasulu, N. ‘Role of proline in cell wall 
synthesis and plant development and its implications in plant ontogeny’, Frontiers in Plant Science. Frontiers 
Research Foundation, pp. 1–17 (2015). doi: 10.3389/fpls.2015.00544. 

Kozłowska, M., Rybus-Zając, M., Stachowiak, J. and Janowska, B. ‘Changes in carbohydrate contents of 
Zantedeschia leaves under gibberellin-stimulated flowering.’, Acta Physiologiae Plantarum. Polish Academy of 
Sciences, 29(1), pp. 27–32 (2007). doi: 10.1007/s11738-006-0004-3. 

Liu, R. and Lal, R. ‘Potentials of engineered nanoparticles as fertilizers for increasing agronomic productions.’ 
Science of the Total Environment, 514, pp. 131-139 (2015). Available at: 
https://www.sciencedirect.com/science/article/pii/S0048969715001266. 

Lošák, T., Hlušek, J., Filipčík, R., Pospíšilová, L., Maňásek, J., Prokeš, K., Buňka, F., Kráčmar, S., Mårtensson, A. 
M. and Orosz, F. ‘Effect of nitrogen fertilization on metabolisms of essential and non-essential amino acids in 
field-grown grain maize (Zea mays L.) ’. Plant, Soil and Environment., 56(12), pp. 574–579 (2010). Available 
at: http://publikace.k.utb.cz/handle/10563/1001230. 

De Lucas, M., Daviere, J. M., Rodríguez-Falcón, M., Pontin, M., Iglesias-Pedraz, J.M., Lorrain, S., Fankhauser, C., 
Blázquez, M. A., Titarenko, E. and Prat, S. ‘A molecular framework for light and gibberellin control of cell 
elongation.’ Nature, 451(7177), p. 480 (2008). doi: 10.1038/nature06520. 

Manjunatha, S. B., Biradar, D. P. and Aladakatti, Y. R. ‘Nanotechnology and its applications in agriculture: A 
review.’, Journal of Farm Science, 29(1), pp. 1–13 (2016). Available at: https://www. researchgate .net 
/publication /303665019. 

Mekdad, A. A. A. ‘Sugar beet productivity as affected by nitrogen fertilizer and foliar spraying with boron.’, Int. J. 
Curr. Microbiol. App. Sci, 4(4), pp. 181–196 (2015). 

Mahmoud M. Abbas (2020) Enhancement the Nutrients Efficiency and Productivity of Tomato 
(Lycopersicum esculentum Mill.) Plants by using Nano Silver. Plant Archives Vol. 20, Supplement 2, 
2020 pp. 4242-4244. 

Morgan, J. B. and Connolly, E. L. ‘Plant-soil interactions: nutrient uptake.’, Nature Education Knowledge, 4(8), p. 
2 (2013). 

Nadeem, S. M., Ahmad, M., Zahir, Z. A., Javaid, A. and Ashraf, M. ‘The role of mycorrhizae and plant growth 
promoting rhizobacteria (PGPR) in improving crop productivity under stressful environments.’, Biotechnology 
advances, 32(2), pp. 429–48 (2014). doi: 10.1016/j.biotechadv.2013.12.005. 

Nair, R., Varghese, S. H., Nair, B. G., Maekawa, T., Yoshida, Y. and Kumar, D. S. ‘Nanoparticulate material 
delivery to plants.’, Plant Science, 179(3), pp. 154–163 (2010). doi: 10.1016/j.plantsci.2010.04.012. 

Nilanjan, D. E. B. ‘Plant nutrient coated nanoparticles and methods for their preparation and use.’ World 
Intellectual Property Organization  (2013). 

Niu, J. H., Ahmad Anjum, S., Wang, R., Li, J.H., Liu, M.R., Song, J.X., Zohaib, A., Lv, J., Wang, S.G. and Zong, 
X.F. ‘Exogenous application of brassinolide can alter morphological and physiological traits of Leymus 
chinensis (Trin.) Tzvelev under room and high temperatures.’, Chilean journal of agricultural research, 76(1), 
pp. 27–33 (2016). Available at: https:// scielo. conicyt.cl /scielo. php?pid = S0718-58392016000100004 & 
script=sci_arttext. 

Njira, K. O. and Nabwami, J. ‘A review of effects of nutrient elements on crop quality.’, African Journal of Food, 
Agriculture, Nutrition and Development, 15(1), pp. 9777–9793 (2015). 

Page, A. L., Miller, R. H. and Keeney, D. R. ‘Methods of soil analysis. Part 2. Chemical and microbiological 
properties’, in American Society of Agronomy, Soil Science Society of America. Second Edi, pp. 149–223 
(1982). 

Pavlíková, D., Neuberg, M., Žižková, E., Motyka, V. and Pavlík, M. ‘Interactions between nitrogen nutrition and 
phytohormone levels in Festulolium plants.’, Plant, Soil and Environment, 58(8), pp. 367–372 (2012). 

Piper, C. S. ‘The determination of calcium carbonate; rapid titration method.’, Soil and Plant Analysis, New York:, 
pp. 135–136 (1950). 

Razaq, M., Zhang, P. and Shen, H. L. ‘Influence of nitrogen and phosphorous on the growth and root morphology 
of Acer mono.’, PLoS ONE. Public Library of Science, 12(2), p. e0171321  (2017). doi: 
10.1371/journal.pone.0171321. 

Reynolds, G. H. ‘Forward to the Future: Nanotechnology and regulatory policy.’, Pacific Research Institute., 24, 
pp. 1–23 (2002). 

Ross, J. J., Murfet, I. C. and Reid, J. B. ‘Gibberellin mutants.’, Physiologia Plantarum, 100(3), pp. 550–560 (1997). 
doi: 10.1111/j.1399-3054.1997.tb03060.x. 

Santner, A., Calderon-Villalobos, L. I. A. and Estelle, M. ‘Plant hormones are versatile chemical regulators of plant 
growth’, Nature Chemical Biology. Nature Publishing Group, pp. 301–307  (2009). doi: 10.1038/nchembio.165. 

Schobert, B. and Tschesche, H. ‘Unusual solution properties of proline and its interaction with proteins.’, 
Biochimica et Biophysica Acta (BBA)-General Subjects, 541(2), pp. 270-277 (1978). Available at: 
https://www.sciencedirect.com/science/article/pii/0304416578904002. 

GSJ: Volume 8, Issue 11, November 2020 
ISSN 2320-9186 1906

GSJ© 2020 
www.globalscientificjournal.com



12 
 

Schofield, R. K. and Da Costa, J. B. ‘The determination of the pF at permanent wilting and at the moisture 
equivalent by the freezing point method.’, Transactions III. Int. Congr. Soil Sci, 1, pp. 6–10 (1935). 

Singh, T. N., Aspinall, D., Paleg, L. G. and Boggess, S. F. ‘Stress metabolism II. Changes in proline concentration 
in excised plant tissues.’, Australian Journal of Biological Sciences, 26(1), pp. 57-64 (1973). 

Soad, M. M. I. Response of vegetative growth and chemical composition of jojoba seedlings to some agriculture 
treatments (2005). 

Thomson, T., Patel, G. S., Pandya, K. S., Dabhi, J. S. and Pawar, Y. ‘Effect of plant growth substances and 
antioxidants on growth, flowering, yield and economics of garden pea, Pisum sativum L cv Bonneville.’, 
International Journal of Farm Sciences, 5(1), pp. 8–13 (2015). Available at: 
http://www.indianjournals.com/ijor.aspx?target=ijor:ijfs&volume=5&issue=1&article=002. 

Tripathi, D. K., Singh, V. P., Chauhan, D. K., Prasad, S. M. and Dubey, N. K. ‘Role of macronutrients in plant 
growth and acclimation: recent advances and future prospective.’, in Improvement of Crops in the Era of 
Climatic Changes. Springer New York, pp. 197–216 (2014). doi: 10.1007/978-1-4614-8824-8_8. 

Twarakavi, N. K. C., Šimůnek, J. and Schaap, M. G. ‘Can texture-based classification optimally classify soils with 
respect to soil hydraulics?.’, Water Resources Research, 46(1), pp. 1–11 (2010). doi: 10.1029/2009WR007939. 

Venekamp, J. H., Lampe, J. E. M. and Koot, J. T. M. T. ‘Organic acids as sources for drought-induced proline 
synthesis in field bean plants, Vicia faba L.’, Journal of Plant Physiology, 133(6), pp. 654-659 (1989). 
Available at: https://www.sciencedirect.com/science/article/pii/S0176161789800689. 

Yamaguchi, S. Gibberellin metabolism and its regulation., Annual review of plant biology. Annual Reviews  
(2008). doi: 10.1146/annurev.arplant.59.032607.092804. 

Zohaib, A., Tabassum, T., Jabbar, A., Anjum, S. A., Abbas, T., Mehmood, A., Irshad, S., Kashif, M., Nawaz, M., 
Farooq, N. and Nasir, I. R. ‘Effect of plant density, boron nutrition and growth regulation on seed mass, 
emergence and offspring growth plastic’, Scientific reports, 8(1), p. 7953 (2018). Available at: 
https://www.nature.com/articles/s41598-018-26308-5. 

GSJ: Volume 8, Issue 11, November 2020 
ISSN 2320-9186 1907

GSJ© 2020 
www.globalscientificjournal.com




