Journal of Horticultural Science
https://jhs.um.ac.ir ZHirin

Research Article
Vol. 39, No. 4, Winter 2026, p. 715-733

Comparison of the Effects of Chicken Manure and Blood Meal versus
Chemical Fertilizer on the Growth Traits and Yield of Potatoes (Solanum
tuberosum L.) under Deficit Irrigation Conditions

Kh., Parvizi“®'** A. Ghadami Firoozabadi?, M., Khataar?, M. Ahmadian?®

1- Horticulture Crops Research Department, Hamedan Agricultural and Natural Resources Research and Education
Center, AREEO, Hamedan, Iran

2- Agricultural Engineering Research Department, Hamedan Agricultural and Natural Resources Research and
Education Center, AREEO, Hamedan, Iran

3- Soil and Water Research Department, Hamedan Agricultural and Natural Resources Research and Education Center,
AREEO, Hamedan, Iran

(*- Corresponding author's Email: k.parvizi@areeo.ir)

How to cite this article:

Received: 04 February 2025 Parvizi, Kh., Ghadami Firoozabadi, A., Khataar, M., & Ahmadian, M. (2026).
Revised: 25 May 2025 Comparison of the effects of chicken manure and blood meal versus chemical
Accepted: 07 June 2025 fertilizer on the growth traits and yield of potatoes (Solanum tuberosum L.) under

Available Online: 07 June 2025 deficit irrigation conditions. Journal of Horticultural Science, 39(3), 715-733. (In
Persian with English abstract). https://doi.org/10.22067/jhs.2025.91970.1408

Introduction

The limited amount of organic matter in most potato-growing soils in the country reduces their biological
activity and limits the availability and absorption of some nutrients by plants (Khatar et al., 2017). One of the
most effective management strategies in this field is to maintain and enhance soil organic matter, as improving
the physical and chemical conditions of the soil can greatly help increase yield and achieve sustainable
agriculture. Given the limitations and high costs of livestock and poultry manure, which are key components of
organic fertilizers in the country, efforts should focus on new organic sources such as blood meal, as blood meal
is used in smaller amounts per unit area while providing higher nitrogen content to plants.Blood meal is also
known as a growth stimulant due to its high amino acid content (Ciavatta et al., 1997; Bhunia et al., 2021). So
far, limited studies have been conducted in the world to investigate the effects of blood meal for important
agricultural products. Furthermore, there are very few experiments to investigate the effects of blood meal
especially under irrigation deficit conditions. Therefore, this project aims to investigate the effects of using blood
meal as a nitrogen-rich organic fertilizer under stress conditions on growth traits, as well as the quality and
quantity of potato production in the country.

Materials and Methods

This research was conducted as a factorial experiment based on randomized complete block design at the
Hamedan Agricultural and Natural Resources Research and Education Center (Ekbatan Agricultural Research
Station). In this study, two potato cultivars, Bamba and Sante, were considered as the first factor at two levels.
The irrigation water amount was examined at three levels (100, 75, and 50 percent of Cumulative
Evapotranspiration from Class A Evaporation Pan). Additionally, fertilizer treatments at three levels; chemical
fertilizer, poultry manure, and blood powder were considered as the other two factors. The application of
chemical fertilizers, used as the control treatment, was based on soil test results. This treatment involved the use
of 120 kg of pure nitrogen from a urea source (260 kg of urea fertilizer per hectare), along with 150 kg of triple
superphosphate, 100 kg of potassium sulfate, and two applications of complete micro-fertilizers: one at the
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flowering stage and another two weeks later. One third of urea fertilizer was applied at the planting, and the
other two splits were applied as a top dress (the first application at the full coverage stage and the second
application at the beginning of tuberization).lt is worth mentioning that complete micro fertilizer injection was
also performed in two simultaneous times in the blood meal and chicken manure treatments. The drip irrigation
system was conducted as a tape type, and was placed at a depth of five to six centimeters on the ridge at the time
of planting the tubers. The growth stage traits measured included: the time necessary to achieve 50%
germination, date of full emergence, date of full coverage, number and length of stolons, leaf area index, fresh
and dry weight of roots and stems, and finally, chlorophyll content, with the chlorophyll content being measured
using the Gross method (Gross, 1999). At harvest time, the total yield was calculated and the tubers produced
were separated into three sizes: seed, large, and small. Tuber dry matter percentage and water use efficiency
were also measured. The resulting data were statistically analyzed using SAS 9.1 software, and treatment means
were compared using Duncan's multiple range test with a five percent probability level.

Results and Discussion

The analysis of variance results showed that the main effects of irrigation levels and fertilizer treatment types
were significant on all growth traits and yield. The effect of potato cultivar was also significant for most growth
traits (except for leaf area index and chlorophyll content) as well as for yield. Interaction effect of irrigation
levels and fertilizer treatment types were significant on other growing traits, including the time to reach full
coverage, plant height at flowering time, number and length of stolons, chlorophyll content, leaf area index and
fresh and dry weight of roots and stems. The main effects of cultivar and irrigation treatment were significant at
the 1% level (p<0.01) on tuber size and water use efficiency. The tuber dry matter percentage was not
statistically affected by cultivar at the 5% level, but irrigation treatment had a significant effect on tuber dry
matter percentage at the 5% level (p<0.05). The type of fertilizer was significant on the average number of tubers
in all three sizes, as well as water use efficiency at the 1% level (p<0.01) and on yield and percentage of tuber
dry matter at the 5% level (p<0.05).None of the two-way interactions of cultivar x irrigation levels, cultivar x
fertilizer type, and three-way interactions of cultivar x irrigation levels x fertilizer type were significant in tuber
size, total yield, tuber dry matter percentage, and water use efficiency. However, the interaction effect of
irrigation levels x fertilizer type was significant on tuber production in all three sizes, as well as tuber dry matter,
total yield, and water use efficiency. An increase in the ratio of nitrogen to phosphorus leads to a relative
increase in stolon length. While the opposite ratio leads to a decrease in stolon length. Establishing a
proportional and balanced amount of these two elements and providing sufficient amounts of them depending on
the nutritional needs of the potato leads to an increase in the number of stolons (Jackson, 1999). Recent research
has demonstrated that chicken manure and blood meal are capable of significantly reducing stolon length and
increasing their number under stress conditions. It seems that both of these types of organic fertilizers (blood
meal and chicken manure) provide the potato plant with a balanced access of nitrogen to phosphorus under stress
conditions, and by relatively increasing the stolon length and helping to increase its number, delay the potato
plant's tuberization stage and achieve maximum storage capacity. Increased plant growth rate and faster canopy
formation as a result of blood meal consumption, especially under deficit irrigation conditions, can be due to the
low carbon to nitrogen ratio and zero lignin to nitrogen ratio, which results in faster mineralization and
consequently more nitrogen provision in blood meal and increased nitrogen uptake efficiency in the plant. The
increase in the number of tubers per plant in potato is positively correlated with the delay in entering flowering
time and the increase in leaf area and stem growth in the stolon production stage before the start of tuberization
(Menzel, 1985). In this study, blood meal had a positive effect on the fresh and dry weight of potato stems and
roots, and also increased growth rate and created complete coverage in the stolon production stage. Therefore,
blood meal had a positive effect on the number of tubers and ultimately the total yield. The results of this study
demonstrated that under severe stress conditions, the use of blood meal positively impacted the number of tubers
and total yield compared to chemical fertilizers (control) in deficit irrigation treatments. This was achieved by
releasing amino acids and aiding in nutrient absorption. As a result, in conditions of severe stress, the use of
blood meal regulates the effects of water stress and partially compensates adverse effects of deficit irrigation.

Conclusion
Overall, the results of this experiment indicated that using chicken manure and blood meal significantly
enhanced the vegetative growth and yield of potatoes compared to chemical fertilizers. Moreover, under deficit
irrigation conditions, these organic fertilizers proved to be more effective than chemical fertilizers. Therefore,
the use of these two organic fertilizers, especially blood meal, can help mitigate yield reduction under water
stress conditions.

Keywords: Fertilizer treatment, Growing Index, Reduction of water consumption, Sustainability of
production
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Table 3-The main effects of cultivar, irrigation levels, chemical fertilizer, chicken manure and blood meal treatments on
potato growth traits

S B 03 ol L mes gl PR EW) °‘:ﬁ o
j54ilan Juo > O+ oSS sJs5 > (Y g .
e “#. 7 ] o5 iy g 7o OF gl
ime to fifty iV Overlanpin Height of olS Stolon
Treatments percent Complete timzp g plant in Stolon lenath
germination germination flowering time number g
per plant
‘ "'L“:
© 12.66 b* 18.33 b 38.33b 53.33b 8.7a 9.68b
Sante
‘L_:.L:
i 1433 a 20.33 a 43.38 a 57.63 b 6.8b 11.56a
Banba
AT
100% water 13.35a 19.75a 40.00 b 55.38 a 7.28a 11.36a
requirement
IREIRYAT
75% water 12.66 a 18.33a 43.71a 52.37b 7.44 a 10.09 ab
requirement
50% water 13.33a 18.66a 45.73 a 50.45 ¢ 6.24 b 9.51b
requirement
(4L3) (2lrosd 355
Chemical 12.33a 18.33a 44.44 2 53.69 ¢ 641b  10.12b
fertilizer
(control)
35
Chicken 13.00 a 18.33a 43.39 ab 56.35b 7.29a 11.09 a
manure
0 2% 13.66 a 19.05a 42.29b 55.72 b 7.28a 10.56 a
Blood meal

5 S5l glaeld sz g05] 5l ookl b doyd gy Jlosnl prdaw 3 I gixe M) abgrye ol Jole 5l g o jd lie By b slopSile *
% Means with the same letters in each column of the related main factor did not differ significantly at the 5% of probability level
based on Duncan’s multiple range test

5 bl slaiagsy 3 M8 S slasal (39381 3 o5 33
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My ey ol 3]l oduwy 3l & 50 (& Gamusa, 2022
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G oM by elesd oSty Sl el & 005 (e
Koenig & Johnson, ) s cdadloe solawl LBy sla JSs

.(1999; Momtaz et al., 2021
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Table 4- The interaction effect of irrigation levels xchemical fertilizer, chicken manure, and blood meal treatments on the
potato growth traits

S U oY oo oS5 & gy b Pag Wl eyl dlax Job
)l SR ROR00 e el sy P37 A g
Treatments Time to fifty Complete Overlapping Height of Stolon Stolon
percent I - plantin number per
Germination germination time flowering time plant length
olows 368 X Sl 5L Y-
1007 water requirement 12.66 a* 18.00 b 38.33¢gh 53.40 b 7.16 ab 11.20 a
x chemical fertilizer
035 X G TN
1007 water requirement 13.33a 18.66 ab 41.70 efg 56.33 a 7.58 ab 1152 a
x chicken manure
o Pu X il TN
1007 water requirement 12.66 a 18.66 ab 40.00 g 56.40 a 7.16 ab 11.36a
x blood meal
stlasds 355 X 1 5l 7V0
757, water requirement 12.66 a 19.00 ab 46.66 b 48.56 d 6.86 b 11.11a
x chemical fertilizer
355 Xl Sl Tvo
757 water requirement 1333 a 19.33 ab 42.27 ef 53.98 b 7.65 ab 11.32a
x chicken manure
RED T R INYAT
757, water requirement 13.16 a 19.00 ab 42.22 ef 53.92b 7.82a 10.27b
x blood meal
stlasss 355 X o Sl Vo
507, water requirement 13.33a 18.66 ab 48.33a 4586 e 521c 8.05¢c
x chemical fertilizer
385 Xl sl T
507, water requirement 12.66 a 19.66 a 44.22 cd 52.88 ¢ 6.65b 10.45b
x chicken manure
o e X Sl T
507, water requirement 13.00 a 19.00 ab 44.66 cd 52.62c 6.86 b 10.05b

x blood meal

)5 Sl glaels Wi yg03] 5l ealisunl b do > gy Jloss] paw )3 I3 ixe BOMB] ygim ya 1 aliie By b (slo pSibe *
* The means with similar letters in each column did not have a significant difference at the 5% of probability level based on
Duncan’s multiple range test
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Table 5- The main effects of cultivar, irrigation levels, chemical fertilizer, chicken manure and blood meal treatments on the
potato growth traits

W log JiboslS olpe TR OB Bl 5o il S pjy adn) 50y ey S (g
Treatm“ents Chlorophyll Sy Shoot fresh Shoot dry Root fresh Root dry
(mg.g?) Leaf area index  Weight (g) weight (g) weight (g) weight (g)
‘sl
-~ 197 a 397a 643.25b 91.31b 254.34 b 24.23b
Sante
wl 203a 412a 652.34 2 97.12a 259.12 a 25.64 a
Banba
(ERPATE
! 38 ) 2.09a 4.08a 650.60 a 94.61 a 250.32 a 21.42 a
100% water requirement
(YA
w57V 1.95a 3.80 b 615.53 b 89.12 b 243.84 b 21.02a
75% water requirement
o il 7o
. 19a 3.58¢c 581.88 ¢ 81.16 ¢ 229.01¢c 19.23b
50% water requirement
(L) aleost >55 1.85¢ 358b 603.81 ¢ 85.28 b 228.89 b 18.92b
Chemical fertilizer (control)
. o 25 1.99b 3.94a 621.44 b 89.71b 247.04 a 21.88a
Chicken manure
09> 2% 2.22a 3.93a 622.76 ab 91.78 a 247.98 a 21.64 a
Blood meal

L5 Sl glacals Wiz ygel 5l ool b suop> gy ol pdaws y 55 xe M3 abogs e Lol Jolo I oty 50 aliie By > b (slo Sl *
# Means with the same letters in each column of the related main factor did not differ significantly at the 5% of probability level
based on Duncan’s multiple range test
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Table 6- The interaction effect of irrigation levels xchemical fertilizer, chicken manure, and blood meal treatments on the
potato growth traits

Lo Jido IS ol ;” o Blw 5 039 ‘é‘: P a5 o mu”
Treatments Chlorop_hyll L "’f Sho_ot fresh sh Rogt fresh -
(mgg?)  Leafarea  weight (g) ootdry  weight (g) ~ Rootdry
index weight (g) weight (g)
I EIR S B PATE
1007 water requirement x 2.03a 4.15a 653.14c 100.00abc 258.50bc 24.27def
chemical fertilizer
Er 285 Xl TN
1007 water requirement x 2.03a 4.19b 655.01bc 93.59def 263.60a 25.68abc
chicken manure
o P X
100y, water requirement 2.13a 4.10bc 675.73a 104.92a 261.88ab 25.56bcd
x blood meal
st 398 X 1 5l ve
757 water requirement x 1.90bc 3.81e 614.45de 88.71fg 241.67e 23.35f
chemical fertilizer
e 098 X T 5L v
757 water requirement x 2.02ab 4.11bc 661.21bc 95.73cde 259.75hc 26.25abc
chicken manure
08 PeX ol Sl Ve
757 water requirement 2.17a 4.08bc 658.72bc 97.73bcd 261.01abc 26.22abc
x blood meal
elowd 368 X 5L V-
507 water requirement x 1.66d 3.19f 656.87g 82.06g 219.60f 21.08g
chemical fertilizer
0 355 X i T
507 water requirement x 1.85¢c 3.84de 603.97ef 87.58fg 249.35d 25.16¢de
chicken manure
o pe X 2 il b
507, water requirement 2.05a 3.7% 596.98f 87.73fg 249.91e 24.08ef

x blood meal

05 S5l glaeld iz 905l 5l o3kl b doyd gy Jles] prdaw p3 I3 gixe M) gty 1 aliie gy b (gla 5 Sila™
* The means with similar letters in each column did not have a significant difference at the 5% of probability level based on
Duncan’s multiple range test
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Table 5-The main effects of cultivar, irrigation levels, chemical fertilizer, chicken manure, and blood meal treatments on the
tuber size, total yield, tuber dry matter percentage and water use efficiency of potato

&y 008 dlaxs

Codyd 0u€ Buad 43y, 0uf dlaws o3l wuoyd o o,
Lo gurers 2 & & o o Sles i S o
Treatments Seegizt:ber Larg tuber size  Small tuber size ~ Total yielld Tuber dry Water use
(number per  (number per (number per (ton.ha'®) matter efficiency
) m?) m?) (%) (kg.m)
‘ol
34.96 a* 1052 b 5.02b 39.82b 19.87 a 14.65a
Sante
‘L_',L"
i 32840 12.31a 7.85a 4523 a 2052 a 12.38b
Banba
PERPATE
100% water 32.23a 13.65a 571c 46.68 a 20.69 a 9.56 ¢
requirement
&l ve
75% water 30.53b 10.81b 7.85h 39.27b 20.48 a 11.02b
requirement
&l b Yo
50% water 26.34c 9.46 ¢ 9.58a 3451b 19.24b 14.27 a
requirement
(12L5) (2bosd 355
Chemical fertilizer 28.01c 9.52b 9.08a 38.53 b 19.66 b 11.03b
(control)
. 25 30.70 a 11.89a 6.84 b 41.21a 2043 a 11.95a
Chicken manure
0 22 31.39a 1250a 7.23b 4073a  203la 11.87a

Blood meal

)5 Sl (lasaly w95 3l ookl b oy gy Jlais] o )3yl ine OS] dogrye Lol Jole 51 gty ) alie gy b (sla Sl *
* Means with the same letters in each column of the related main factor did not differ significantly at the 5% of probability level
based on Duncan’s multiple range test

el pogdle 55 290 Bpan (e > e ol 1y Skes S 25 Ayl

e cute STl (umymm Jpame 1> S glie b Gpan & 05 asede Lilejl ol @l ol @gome 5

4 2iliso oyen SB 4 lnpulyiol g I sl (ul3l 3 9 gy My aleend 395 b dwlie )3 b 9 9 (Eye 355

Sk 9 SB (Sigdon cllld ol g slol 4 oo 355 wgiv A o il oy dme Oygods duwejeamw 1y 3,Sles

2545 ) i Bblie CEl 3 (ojins Jpaze Mg 2 obiosd 365 b aulio )5 ST 568 £55 93 1 iyl pwimen
et ohst 9 I 355 95 cal Bpan Wy o9 i ol bl

oSl ey JB ise ol i llyd 5 lg e g3 e



AR v (0 jiomw O ySloe 9wy Oliio (2 leow 995 b (495 1091 9 (€ p0 395 Ol 51 dwg Lo (4| )0 g 539

5 00E Swin 03lo Moy (J5 3 ,Sas 0af 25101 11 498 392 9 (£ 30 355 ¢ ot lnownd 395 (5L Lo x (g bl Zalaw Jolio I (3T -4 Joua

S jam 33 Ol Bpan 2,5
Table 9- The interaction effect of irrigation levels xchemical fertilizer, chicken manure, and blood meal treatments on the
tuber size, total yield, and tuber dry matter percentage and water use efficiency of potato

Sy 038 dlax Cadyd 04€ Blard o,y 00 dlawd odle Loy “f"”ls
0 43 Slos f i ol @
bles Sc:;; l;:b)er &irere 22 &irers 22 ol : —_— .\Nat:::“°
Treatments size Larg tuber size ~ Small tuber ~ Totalyield — Typer dry Use
(number per  size (number  (ton.ha) matter o
(number per m?) er m?) (%) efficiency
m?) P (kg.m")

2londs 355 X LS?] B RVARE
1007, water requirement x 32.65ab* 12.56b 6.00d 44.35b 20.31a 9.32e
chemical fertilizer
NI PRI
1007, water requirement x 33.42a 14.15a 5.50d 47.71a 20.85a 9.65e
chicken manure
O pPu X @l

1007. water requirement 33.61a 14.23a 5.64d 46.98a 20.91a 9.72e
x blood meal
75/, water requirement x 28.81c 8.67e 9.58b 36.27d 20.45a 10.23d

chemical fertilizer
Eo 098 X ol Ls Yo
75/, water requirement x 31.54b 11.21bc 6.66d 40.65¢c 20.61a 11.46¢
chicken manure
0% peX @l Y0

757 water requirement 31.25b 12.56b 7.33d 39.62c 20.38a 11.37c
x Blood meal

oleosd 095 % ST 5L570-

507. water requirement x 22.58d 7.350f 11.68a 31.67f 18.24c 13.56b

chemical fertilizer
oS X @l ks 0
507. water requirement x 27.51c 10.32d 8.36¢ 35.28e 19.85b 14.74a
chicken manure
0 on X gl e
507 water requirement 29.31c 10.71d 8.72c 35.59e 19.65b 14.52a
x blood meal
L5 SOl glasels w905l 3l odlil b duo s gty Jleis prdas j3 o dme BMEB] gty 13 dlie gy b (sla pSSle *
* The means with similar letters in each column did not have a significant difference at the 5% of probability level based on
Duncan’s multiple range test
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