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Effect of soil phosphorus on vegetative, photosynthetic, water related and
nutritional traits of brant’s oak seedlings under different water conditions

Leila Ranjbar!, Payam Fayyaz!*, Ebrahim Adhami? Hamidreza Owliaei?, Roghayeh
Zolfagharit

Extended Abstract

Background and objectives: The acceleration in the intensity and duration of droughts in Zagros forests
has affected the recovery of native tree species, including the Brant oak (Quercus brantii L.). Despite the
importance of phosphorus in increasing drought resistance in different species, there is little information on
the role of this element in Brant’s oak seedlings with respect to drought.

Materials and methods: For this purpose, the main and interaction effects of two factors, soil phosphorus
(at five concentrations of zero, 25, 50, 75 and 100 mg/kg) and soil moisture (at three levels of 60, 30 and
10 percent of field capacity), on the performance traits of one-year-old Brant's oak seedlings were
investigated. The traits studied include morphological, physiological and nutritional parameters.

Results: The results showed that as soil water content decreased, the traits of leaf number, root and leaf
fresh weight, relative water content, photosystem Il performance, leaf chlorophyll index, and leaf potassium
and phosphorus content decreased, while root length and electrolyte leakage rate increased. The increase in
soil phosphorus in the heavily irrigated seedlings (60 percent of field capacity) led to the development of
aboveground organs and leaf area. In the seedlings that were in a water deficit, this maintained the
maximum performance of photosystem II. An increase in soil phosphorus under all water conditions
increased the phosphorus and potassium content as well as the chlorophyll index in the leaves of Brant's
oak. However, this had no effect on oxidative stress-induced damage to the reducing membrane.

Conclusion: The addition of phosphorus increased the resistance of Brant’s oak seedlings to drought stress
by improving their nutritional status and protecting the photosynthetic apparatus. It was suggested to use
higher phosphorus concentrations of phosphorus for future research to investigate the possibility of
improving water relations and protection against plasma membrane damage.

Keywords: Nutrient element absorption, Phosphorous fertilizer, Plasma membrane injury, Physiological
performance, Water deficit stress.
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Figure 1- Steps of testing the effect of phosphorus and soil moisture on the morphological and physiological
characteristics of brant’s oak seedlings
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Table 1- Physicochemical properties of the soil used in the experiment
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Total Exchangeable Available Electrolyte pH texture Sand Clay Silt
nitrogen potassium phosphorus conductivity
(%) (ppm) (ppm) (dSm™) ) () (%)
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Table 2- Variance analysis of the effect of phosphorus levels and moisture regime on vegetative traits of brant’s oak
seedlings

FW
SV LN LA SL RL
Leaf Stem Root
P 5.88"™ 31374 17.6" 707 0.111" 0.063" 0.659"
SWC 64.7 99027" 21.6™ 732" 1.83™ 0.560™" 17.3™
P x SWC 6.45" 37632" 12.5™ 23.3™ 0.090" 0.057m 2.250m
CVe% 40 32 33 31 46 52 43

O Gy (P yind Joli i wolis (sl Slape (uSilen ool 0is o0ls LES NS b (6,18 sima pac 5 kel doys =1V gV mhans )3 390 ,lo sima caimaylis cod i 4
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sl Sy g A8l e, FW) 5 (59 9 (RL) au, Jsb «SL) @ile Jsb (LAY S coluwe (LN)
*, ** and *** indicate significance at the 5, 1, and 0.1 percent level, respectively, and non-significance is indicated by ns. Mean squares for sources
of variation (SV) including phosphorus (P), soil water content (SWC) and their interaction have shown. The degree of freedom of phosphorus, soil
water content and their interaction effect are 2, 4 and 8, respectively, and the degree of freedom of error is 46. The studied traits include number of

leaves (LN), leaf area (LA), stem length (SL), root length (RL) and fresh weight (FW) of root, stem and leaf.
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Table 3- Variance analysis of the effect of phosphorus levels and moisture regime on water and nutritional status of
brant’s oak seedlings

RWC p K
\Y
Leaf Stem Root Leaf Leaf
P 4598 1178" 661" 0.142™ 0.132™*
SWC 75.9" 2591 3429 0.347 0.008™"
P x SWC 883" 1517 503" 0.048™ 0.002™"
CVe% 39.9 32.6 42.2 40 30
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*, ** and *** indicate significance at the 5, 1, and 0.1 percent level, respectively, and non-significance is indicated by ns. Mean squares for sources
of variation (SV) including phosphorus (P), soil water content (SWC) and their interaction have shown. The degree of freedom of phosphorus, soil
water content and their interaction effect are 2, 4 and 8, respectively, and the degree of freedom of error is 46. The studied traits include relative

water content (RWC) of roots, stems and leaves, and phosphorus (P) and potassium (K) concentrations of leaves.
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Figure 2- Vegetative characteristics of one-year old brant’s oak seedlings established in soils with different moisture
and phosphorus regimes. Number of leaves (a), total leaf area (b), root length (c), root fresh weight (d), leaf fresh

weight (e), stem fresh weight (g). The bar line represents a standard error.
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Figure 3- Water and nutritional relationships of one-year old brant’s oak seedlings located in soils with different

moisture and phosphorus regimes. Relative leaf water content (a), relative stem water content (b), leaf potassium

concentration (c), leaf phosphorus concentration (d). The bar line indicates a standard error.
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Table 4- Variance analysis of the effect of phosphorus levels and moisture regime on electrolyte leakage, photosystem
performance and chlorophyll index of brant’s oak seedlings

sV et | S'tze% Rt PSlgpt PS1max SPAD
3 0.027™ 0.30™ 0.014" 0.042™ 0.163™ 207"
swc 0.204™ 0.388™ 0.033" 1.19" 117 378"
P x SWC 0.011"s 0.070" 0.024" 0.024" 0.159™ 4.41m
CVe% 22.8 16.6 19.37 39 22 25

sl FF s goliTam 0 g A 5 ¥ Y iy lagy] blite 5l 5 S5 Ol (glgiome and golj] ax )0 .ol oo ools olis lag)] blie 51 5 (SWC) S
*, ** and *** indicate significance at the 5, 1, and 0.1 percent level, respectively, and non-significance is indicated by ns. Mean squares for sources

of variation (SV) including phosphorus (P), soil water content (SWC) and their interaction have shown. The degree of freedom of phosphorus, soil

water content and their interaction effect are 2, 4 and 8, respectively, and the degree of freedom of error is 46. The studied traits include electrolyte

leakage (EL) of roots, stems and leaves, optimum and maximum performance of photosystem I (PSlloy and PSllax) and chlorophyll index (SPAD).
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Figure 4- Electrolyte leakage in different tissues of one-year old brant’s oak seedlings located in soils with different
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a standard error.
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Figure 5- Photosynthetic characteristics of one-year old brant’s oak seedlings located in soils with different moisture
and phosphorus regimes. The effect of soil phosphorus on the performance of photosystem Il during the day (a), the
effect of soil moisture on the performance of photosystem 11 during the day (b), the interaction effects of soil moisture
and phosphorus on the performance of photosystem Il at night (c), the effect of soil moisture on the performance of
photosystem Il in Night (d), the effect of soil phosphorus on chlorophyll index (e), the effect of soil moisture on
chlorophyll index (f). The bar line indicates a standard error.
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