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Table 1. Some soil physical and chemical characteristics before the experiment.

Lo T ol S .

Sk sl 8 (R : LN - T
, - sl L5 sl L5 o o8 g A e

Soil Clay ' ' dobes s P EC (dS m™) Depth

texture (%) Avall.':lbl_e1 K Avallabl_? P C.C.E (%) (cm)
(mgkg™) (mgkg™)
L 19 370 18.8 32 7.44 0.78 0-30
S.L 17 107 8.1 34.7 7.9 0.9 30-60
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Table 2. Quantities of fertilizers used in treatments.

L JEE S I -
6355 ssled 5 4o s pisel Dl g Jrp olid o ey U5
. - Ammonium sulfate*  Triple Superphosphate ~ Potassium sulfate
Recommendation and fertilizer treatments (g/trec) (g/tree) (gtree)
Sbt 05l Gl s el 5 lde
SIS A S 500 100 150
Recommendation (based on soil test)
ol 5 ldde o ya Y
e > 150 30 50
30% of recommendation
ol 5 ldde do ys e
e - 300 60 100

60% of recommendation

(S Sy goty «igud)l das 5 25508 4 sl Slas ST Lol e (il > e A,.u)s)*
*(In three stages: Basic application in March, and top-dressing at mid-April and mid-May).
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Table 3. Some chemical and physical characteristics of manure.

Casbs 5 ly J5 05 JT osle oA ola
K P N OM pH EC
) (dSm™)
44 2.1 0.9 3.1 31 7.1 32

Sehdlr sl =S5 o Al b 0555 b 53 2n 5 0B s b g S 4 IS el 5 ied (JS 0355 (T esle

(V) B (5,850l Fagbeds 5 (s e )

ogen s Pl paerme (1Y) upH olKans (@bl 5 oolg) Ay oo OLL o

(VYY) e e sy oSaus SS L (TSS) 3L g Al Jhs s e 5 Sl sl el
@ =V s YL sl 25 By 4 S Sl el s oolg Aoy s (S baw ) Lgm e b
S L) g kb (Y0) Jgbskil Jgs S Lo Sl St Law g (e Jsb) alils
5 (Qhams o3l SaS a) o5 055 (Jlmms Osel i Gl 51 (TA) S anipnl Jlie oo os
S e e dlgral L 5 6 g0 0 jlas o Sheslinal boosee ojlias pH 5 ol AiST5o00 L

¥y



YEoe (V) 2,lond 1Y) s sl w95 9 S o e 4y pulis

Sl o wlerd slass il lajbes s )
oSt Jadr laesls ulad e o 0L
53) Sulsgme ssba el (5, Seslul sla yaxls
0 s S s Jl ,JL?;»J (o S -
S8 slaatls 5l plaS e b3 sla i
s s el

2> 3 8kee (n St 1dab Dl oge 5 Shes
o3 HalS LB &S A5 sdalin ol Jla
355 (0 Jsds) sls ol bl sladle e L
Sy ese 3 Shes o obbame I sl
S8 Sote Sosba Sl JoU Ol
F3 ks ps (G a5 (‘,5}115 £ Sle L)
LF2 5 F1 glales s s Shas RS A WP
Al edalie YA Sl

gl 0ol Ol gl i 4 F3 4, F2 F1 sls
Sl S odd awo s e Aoy e g Y o
Sy s M3 s M2 M1 sl 5l 5 ol
Sl 258 ijm 'Y 51 Ljuac]a.ﬂ Osls olas
Golel Lo 5w m s eslizad S s e (gl
EXCEL (LI Glaslle 5 3l eslizal L Lassls
LSl alie 5 WV ans SPSS 5 Yo OY wss
T g 03 oSSl lasls e g3l 2) w4 g

.J.Z<=1?Q\M)>

oy g
&NU JLEJJ?: C.}?.)é ‘;:-_1_3) J-i)_’ﬂxﬂ QJS-LQ-F
dlolezr oS e plls wms B s idsl

JJU Qj...\..au S L;“:“"'iJJ U‘p‘)}} 0 guon Jj.i.l»&

b O gl By gy A5 5 3 Shes (Sla o 5:Kle) il )ls 45285 —8 g
Table 4. Analysis of variance (Mean square) for yield and vegatative growth in Thomson Navel orange.

S s S s
Al sy o)lg A, (L5 L) (%5 VL) o gm0 > Slas a s
Summer Spring  Collar diameter  Collar diameter Fruit yield s3l30 - CM )
growth growth (Bottom of the (Top of the K Sources of variations
0 p o (kg) df
(cm) (cm) graft union) graft union)
(mm) (mm)
- - - - - Ju
2844 2235 49381 26965 13451 3
Year
o
116 102.5 431.7 64 25 8
Error
X Lo
40™ 19™ 235™ 43™ 230 2 st 255
Chemical fertilizer
o ]
130 5™ 428™ 175™ 186 ) Sl 35S
Manure
N ] Lo
102" 39 256™ 141 102 4 Sl 25 52 alerd oS
Chemical fertilizer * Manure
. " . ) . Lo > Jl
o4™ 31 96™ 0% 26™ 6 il 355 )
Year * Chemical fertilizer
. . . . - 3| Ju
1277 15 61™ ag™ 214 6 Slo 355 52
Year * Manure
- 5 Loy L
60™ 26™ 139™ 139™ 172 12 S 2550 Gt 25 2
Year * Chemical fertilizer * Manure
o
89 16 217 170 68 64
Error
Ol s 5
29 16 1 16 20 S
Ccv

-Lﬂ)é\_g.l‘}@Lg)LnTijaau)Jg:,.;}S4{)‘)&#*#{}*})‘5&#}"5

"™ not significant and * and ** significant at 5% and 1% level respectively
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Table 5. Mean comparison for the effect of chemical fertilizer and manure treatments on yield and vegetative

growth of Thomson Navel orange.

S S
Gl Ad,  oyle Al s
Summer Spring (52 omb) (L5 VL) T Slesd
growth growth Collar diameter Collar diameter Frullt( yield Treatment
(cm) (cm) (Bottom of the graft union)  (Top of the graft union) (kg)
(mm) (mm)
47.8° 35.3° 82.7* 47.6" 14.7° Yl
26.9° 25.7° 102° 62.6° 30.1° Y2 Jl
26.4° 14.0° 144° 89.7° 49.6° Y3 Year
28.8° 21.3° 178* 119* 65.8" Y4
31.9° 24.0* 127° 81.1° 38.6° F1
33.7° 24.4* 124* 81.3" 38.6° F2 et 25
Chemical Fertilizer
31.8° 24.2% 129* 82.1° 43" F3
32.3° 24 124° 81.9° 37.0° Ml
i
33.1° 25.1* 125° 80.5" 39.6° M2 v e
Manure
31.9° 23.5" 130* 80.0" 43.5° M3

S S Oga3T L Aoy ety Sz grbas 3l ine S5l S e Cg o (5ol Sla SOl Ot a5
Means within each column followed by the same letter are not statistically different at a=0.05 by Duncan test.

WJ3b Ol I gy by 55, 8Khes 0 Gla 5 (plrend 355 s gk il 1 S0le awglie T\ Jpur
Table 6. Mean comparison for interaction of chemical fertilizer and manure treatments onyield and vegetative

growth in Thomson Navel.

A (om o) S50 S5 SN e s s et oS
Spring growth Collar diameter (Bottom of the graft union) Fruit yield Chemical fertilizer * Manure

(cm) (mm) (kg)

21.6° 122° 35.7° F1 M1
26.2° 126™ 40.8° F1 M2
21.3° 131% 39.2° F1 M3
25.0° 122° 37.1° F2 M1
244 119° 36.9° F2 M2
24.0° 131% 41.8° F2 M3
24.5% 127% 38.3° F3 M1
24.9% 132° 41.0° F3 M2
26.2° 127% 49.6" F3 M3

S S Oga3T L Aoy ety Sz grbas 3l ine S5l S e G (6ol Sla SOl Dt a5
Means within each column followed by the same letter are not statistically different at ¢=0.05 by Duncan test.
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Table 7. Analysis of variance (Mean square) forqualitative propertiesof Thomson Navel orange.
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Volume  weight  diameter pH of 211 00ce) Total Total ’ Sources
extract (2 (mm) fruit juice (mg (100cc) 7) soluble acidity df
(cec) solids (%) (%)
20239 550846 1698 3.49 5273 6.06 0.3 3
Year
Lo
4.67 2860 35 0.03 74 1.3 0.03 8
Error
5.53 2428 21" 0.01™ 98 021" 0.03 2 st 255
Chemical fertilizer
ns o ns o . o o Slom 255
1.47 20440 9.9 0.12 126 2.38 0.17 2
Manure
433 11696 36™ 0.007™ som 0.34™ 001" 4 SRS ket
Chemical fertilizer * Manure
) ) ) ) ) ) ) Lo s
0.40™  4384™ 23 0.012™ 30m 0.18™ 0.02" 6 st 25
Year * Chemical fertilizer
i " . : : . : il Ju
147" 9213 16™ 0.004™ 49™ 0.68 0.02™ 6 a2
Year * Manure
Sla s &li.m:.ibjs)adb
0.49™ 4707 44.6™ 0.01™ 30™ 0.13™ 0.03 12 Year * Chemical fertilizer
* Manure
Lo
206 2689 43 0.007 29 0.31 0.01 64
Error
ol pns 5
10.7 16 7.9 25 63 5.2 9.5 S
CvV
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# j . ns
5 sl e s

"™ not significant and * and ** significant at 5% and 1% level respectively
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Table 8. Mean comparison for effect of chemical fertilizer and manure treatments on qualitative properties of

Thomson Navel orange.

Lo ogoe a pH o ol S J5
N Friut Fruit L el olas s
Volume welght diameter pHOf (mg (100“)1) Total soluble Total acidity Treatment
extract (g) (mm) fruit juice solids (%) (%)
(co)
125° 304° 87.8* 3.594° 71.85¢ 11.33* 1.10° Y1
125° 300° 84.6 3.604* 104.7° 10.85° 1.02° Y2 Jl
173* 496° 88* 3.624° 86.17° 10.54% 1.04% Y3 Year
111° 147° 71.2° 2.889° 79.92° 10.22° 1.256* Y4
123° 301° 82.1° 3.430° 87.27° 10.67° 1.08° F1
b a a a ab a a pherd 28
128 315° 83.7° 3411° 85.73° 10.82° 1.14° F2 e
139 319° 82.8" 3.443" 83.97" 10.72° 1.10® p3  Chemical fertilizer
129° 291° 80.3° 3.365° 84.97° 10.99* 1.18° Ml ;
2
137° 307° 83.3" 3.480° 87.78" 10.47° 1.04° M2 S e
a a a b a b Manure
133 338 83.1° 3.439 84.23 10.75 1.10 M3

sl STl ()}»)'TL_.M); o) JL»:}lcla.,«);)bJ'M ClE S i Gy slyls L;Laaf\}l.:a Ogim 2 3
Means within each column followed by the same letter are not statistically different at =0.05 by Duncan test
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Table 9. Mean comparison for interaction of chemical fertilizer and manure treatments on qualitative

properties of Thomson Navel orange.

. % sl
a)L.a.G (.» 050 SB%) pH N L J L}s “‘i"\'f"
< Mol & s0ee 1 -
Volume Friut o eolas JM it S . olas G125 2 et 258
ioh H of frui Vitamin C Total soluble solids Chemical fertilizer * M
extract weight p .0. uit (mg (100“)") (%) Total acidity emical fertilizer anure
(ce) (2 Juice (%)
127° 267¢ 3.36° 84.60" 10.40" 1.14® F1 M1
139% 331%® 3.50° 90.20* 10.33¢ 0.98° F1 M2
125° 337%® 3.41% 87.02% 10.67%* 1.10° F1 M3
123° 2950 3.35° 84.36" 10.88% 1.23% F2 M1
139 288 3.46™ 87.97% 10.58%¢ 1.06* F2 M2
122° 325% 3.41% 84.84% 11.00® 1.11° F2 M3
136%™ 311 3.37° 85.94% 11.08* 1.15® F3 M1
135% 281 347" 85.16" 10.50* 1.07 F3 M2
147° 352° 3.48%" 80.82° 10.9* 1.08° F3 M3

sl oSSl ()}»)'TL_.M); o) JL»:}lcla.,«);)bJ'M ClE S i by - slyls L;Laaf\}l.:a Ogim & 3
Means within each column followed by the same letter are not statistically different at a=0.05 by Duncan test
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Abstract

Background and Objectives: To achieve sustainable agriculture and improve soil quality, it is
necessary to use organic sources such as animal manure in combination with suitable amount of
chemical fertilizers. The purpose of this study was to investigate the effect of animal and
chemical fertilizer on vegetative growth, yield and qualitative properties of Thomson Navel
orange (Citrus sinensis L. Osbeck) fruit to reduce chemical fertilizer consumption.

Materials and Methods: The experiment was carried out as a factorial experiment in a
randomized complete block design with three replications. Treatments included three levels of
sheep manure (0, 6 and 12 kg per tree) and three levels of macronutrient fertilizers: nitrogen,
phosphorus and potassium (0, 30 and 60% recommended amount, based on soil test) on five
years old Thomson Navel orange trees (each treatment including two trees) in the Sari
Baharestan citrus orchard for four years. Based on the growth of the trees, the above-mentioned
values were added 20% annually. At the end of each growth period, vegetative growth including
the length of spring and summer shoots and diameter of the collar (top and bottom of the graft
union) were measured. Fruit yield and mean weight and diameter, total soluble solids (TSS),
total acidity (TA), pH and vitamin C of harvested fruits were also measured.

Results: The results showed that the highest spring growth (shoot length) of Thomson Navel
oranges was obtained as a result of the combined application of chemical fertilizer and manure
(60% of the recommended amount) and manure (12 kg/tree). The lowest spring vegetative
growth of 21.6 cm was observed in the control. The Interaction between different levels of
chemical fertilizer and manure on summer growth was not significant. Collar diameter (at the
bottom of the graft union) reached its maximum level (132 mm) in 60% recommended fertilizer
and 6 kg of manure per tree treatment. The highest fruit yield of Thomson Navel trees was
obtained with an average of 49.6 kg/tree, in a combination of chemical fertilizers (60% of the
recommended amount) and manure (12 kg/tree). The fruit TA in different levels of chemical
fertilizer and manure increased and decreased, respectively. The Interaction between chemical
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fertilizers and manure on TSS was significant and the highest (11.08%) was observed at 60% of
the recommended amount of chemical fertilizers and 6 kg/tree of manure. This treatment and
the treatment of 60% of the recommended amount of chemical fertilizer and 12 kg/tree of
manure were located in the same group. The 60% recommended chemical fertilizer treatment +
6 kg of manure produced the highest amount of vitamin C in the fruit extract (80.8 mg/100 ml
of extract), however the combination of high levels of chemical fertilizer and animal manure
reduced the vitamin. The Interaction of chemical fertilizer and manure levels was not significant
on fruit diameter but it was significant on average weight and volume of extract. The highest
mean weight (352¢) and fruit volume (176cc) was obtained in the treatment of 60% chemical
fertilizer + 12 kg of manure per tree.

Conclusion: The results showed that 60% of the recommended amount of chemical fertilizers +
12 kg of rotten sheep manure per tree is recommendable to achieve the highest quality and

quantity of Thomson Navel orange fruit.

Keywords: Citrus, Fruit quality, Manure, Optimal fertilizer consumption, Vegetative growth
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