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Abstract: [Objective] Pomegranate (Punica granatum L.) is highly valued for its nutritional and cultur-
al significance. However, its production is often constrained by soil quality issues, such as soil desertifi-
cation, which can result in reduced yield, leaf chlorosis, and smaller arils. To mitigate these impacts, in-
creased water and fertilizer inputs are commonly employed in pomegranate seedling cultivation. How-
ever, the excessive application of chemical fertilizers is one of the main causes of soil salinization and
alkalinization. Microbial fertilizers, a specialized bio- formulation containing beneficial microbial
strains, enhance nutrient uptake efficiency and suppress soil-borne diseases. Additionally, they improve
soil quality by activating organic matter and increasing soil enzyme activity, thereby supporting sustain-
able soil development. This study compared the effects of different types of microbial fertilizers on
seedling growth and soil quality, identifying the most effective fertilizer for promoting pomegranate
seedling development. [Methods] Two-year-old cuttings of Huaguan cultivar (P. granatum L.) from the
National Horticultural Germplasm Repository (Zhengzhou) were used as experimental materials. A con-
trol group (CK) without microbial fertilizer was established, alongside five microbial fertilizer treat-
ments: Vigorous Source (T1, incorporation), Trichoderma harzianum (T2, fertigation), microbial inocu-
lant (powder form, T3, incorporation), microbial inoculant (granular form, T4, incorporation), and soil

activator (TS5, fertigation). Each treatment consisted of 10 replicates. The effects of different microbial
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fertilizer on the growth and development of seedlings were studied. Plant height, stem diameter, and the
number of new shoots were measured on each seedling under each treatment. After leaf shedding, the
fresh weight of the plants was measured with three biological replicates for each treatment. Fresh leaves
were collected from each treatment to measure chlorophyll a, chlorophyll b, carotenoid, and total chloro-
phyll contents, with three biological replicates for each measurement. Fully expanded leaves from each
treatment were selected to determine photosynthetic parameters, including net photosynthetic rate (P,),
transpiration rate (7;), stomatal conductance (G), intercellular CO, concentration (C;), and water use effi-
ciency (WUE). Each measurement included three biological replicates and two technical replicates. Af-
ter leaf shedding, the pH of different treated substrates was measured with three biological replicates for
each treatment. The experimental results provided a comprehensive evaluation of seedling growth and
photosynthetic performance under different microbial fertilizer treatments. [Results] We revealed that
the application of microbial fertilizers significantly affected the growth and development of seedlings,
with the T1 demonstrating the most pronounced effects. In June, the plant height of seedlings with T1
and T3 was significantly higher than that of CK, with increases of 25.82% and 15.89%, respectively.
Stem diameter with T1, T2, T3, and T4 was higher than CK, and the number of new shoots increased
across all treatments compared to CK. In July, there were no significant differences in plant height
among treatments, but the stem diameter with T1, T2, and T3 was significantly higher than CK, with in-
creases of 69.06%, 30.94%, and 43.17%, respectively. The number of new shoots with T1 was signifi-
cantly higher than CK, with an increase of 46.88%. Leaf chlorophyll a, chlorophyll b, carotenoid, and
total chlorophyll contents increased across all treatments compared to CK. Chlorophyll a and total chlo-
rophyll contents were significantly higher in all treatments, with T1 showing the highest values. Photo-
synthetic parameters (P., T;, G,, C;, and WUE) were also influenced by microbial fertilizer application.
In the T1, G, at 8:00 was significantly higher than CK, with no significant reductions at other time
points. C; at 14:00 was significantly lower than CK, with no significant increases at other time points.
WUE at 14:00 was significantly higher than CK at the 0.05 level, with no significant reductions at other
time points. [Conclusion] Different microbial fertilizer treatments had varying effects on the growth
and development of P. granatum L. seedlings. The efficacy of these treatments was significantly influ-
enced by the active components and microbial strains in the fertilizer. Vigorous Source was identified as
the optimal microbial fertilizer, demonstrating the most significant promotion of plant height, stem di-
ameter, number of new shoots, chlorophyll content, and photosynthetic efficiency during the growth
and development stages. The application of Vigorous Source can accelerate the cultivation of high-quali-
ty pomegranate seedlings through a well-optimized fertilization strategy.
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Table 1 Different microbial fertilizer treatment methods

b3 JNETT % it H &
Treatments Fertilizing method Application amount
X} Control (CK) 157K Water /
Tl $Eifi Incorporation 40 g B[Pk 40 g per plant
T2 it 1 g1 3 LiFK, BRI 200 mL, 15 d 1,356 4K
Fertigation Dissolve 1 g in 3 L water, apply 200 mL per plant every 15 days, 6 times total
T3 $EJifi Incorporation 40 g B 40 g per plant
T4 $EJifi Incorporation 40 g TP 40 g per plant
T5 i 1 g% T 3 Lif/K, Bk 200 mL, 15 d 1K, 3 6 K

Fertigation

Dissolve 1 g in 3 L water, apply 200 mL per plant every 15 days, 6 times total
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Table 2 Effects of different treatments on growth status of

pomegranate seedlings

e - Az W ey B
Treatments ~ Height/cm Qround New Fresh
diameter/cm  branches mass/kg
W CK 34.62b 1.39¢ 3.2 be 032a
T1 43.56 a 235a 4.7a 042a
T2 33.79b 1.82b 3.1c 0.38a
T3 40.12 a 1.99b 4.1 ab 033a
T4 39.39b 1.38¢ 3.9 abc 033a
TS 39.83 ab 1.39¢ 3.7bc 032a

W [ FUA NG FRERORTE 0.05 KFEREE. TR
Note: Different small letters in the same column indicate significant

differences at the 0.05 level. The same below.
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Table 3 Effects of different treatments on chlorophyll content of pomegranate seedlings leaves

il w(HH£tEK a) w(HEEE D) wEEHE b3 w(H R B &)

Treatments  Chlorophyll a content/(mg-g')  Chlorophyll b content/(mg-g"')  Carotenoid content/(mg-g"') Total chlorophyllcontent/(mg-g")
YEECK  0.201+0.202 d 0.078+0.03 a 0.097+0.029 a 0.430+0.210 d

T1 1.070+1.452 a 0.115+0.03 a 0.126+0.022 a 2.969+0.560 a

T2 0.484+0.587 ¢ 0.081+0.02 a 0.124+0.011 a 1.248+0.250 ¢

T3 0.765+0.973 b 0.126+0.03 a 0.134+0.006 a 2.034+0.400 b

T4 0.916+1.203 ab 0.118+0.03 a 0.129+0.018 a 2.502+0.360 ab

TS 0.454+0.456 ¢ 0.167+0.06 a 0.135+0.011 a 1.060+0.030 ¢
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pomegranate seedlings leaves
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Table 4 Correlation analysis between photosynthetic parameters

Jttr 54 Photosynthetic parameters R, AALFEG. BMERT B CORIEC ARSI 2R WUE
HHA A P, 1

SAFEG. 0.482%* 1

HMBHERT, 0.743%%* 0.768%* 1

fitil8] COLIRFE C: ~0.493** -0.123 -0.284%* 1

7K 53 FI I RZ WUE 0.819%* 0.234%* 0.451%* -0.826%* 1

VE:*E 0.01 KPR EM G

Note: ** means the correlation is significant at the 0.01 level.
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